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FOREWARD 


This report summarizes the results of the work performed 
by CHEMTRIC Incorporated under Contract iNAS 9-12792 for a 
Preliminary Flight Prototype Potable Water Bactericide System. 
This program was sponsored by and performed for the Crew Sys- 
tems Division of the NASA Johnson Spacecraft Center. Mr. A.f. 
Behrend (EC39) was the designated Technical Monitor. 

The work reported herein was started in March \912 and 
completed in June 1973. Chief program personnel were Walter 
J. Jasionowski (Project Engineer) and Edward T .Allen 
iect Chemist) under the direction of Robert A. Bambenek (Pro- 
gram Manager) . Other personnel that made substantial contri- 
butions to this program are: Phillip P. Nuccio (Design 

Supervisor), Timothy G. Studt (Design Engineer) and Andrew L. 
Murman (Technician) . Mr. Charles Verostko of the NASA 
Spacecraft Center provided assistnnce by co;ordinating 
supervising the analysis of over 1000 individual water samples 



ABSTRACT 



The development, design, and testing of a Preliminary 
Prototype Potable Water Bactericide System are described. Pre- 
liminary development tests were performed to resolve problems ex- 
perienced under^Contract NAS 9-12104 which affectea 
Ld silver ion dosing. After satisfactory completion of the pre 
liminary development v:ork, two simulated mission tests, each 01 / 
days duration, were performed with an upgraded breadboard system 

to^demonstrate improved performance and to show ^^^Lh^Jimulate^ 
performance is not affected by random vibrations which simulate 

launch conditions. 

A Preliminary Flight Prototype system was designed and fabri- 
cated to treat worst case FCW simulant. The system is an assembly 
of upgraded canisters composed of (1) a biological J 

activated charcoal and ion exchange resin canister, (3) a silver 
chloride canister, (4.) a deionizer, (5) a silver bromi .e can^ste^ 
with a partial bypass, and (6) mock-up instrumentation and circuit 
ry. A 7-dav baseline simulated mission test was performed with 
the system;' the performance was satisfactory and the product 
water was within all specifications for potability. 
vibrations, an 18-day simulated mission test was also performed 
which included bacteria injection during the 'for 

product water quality was within potability 

the first 13 days. The system exhibited bactericidal activity 

against 109 Pseudomonas aeruginosa and/or Jf’^rhours'^at'^ 

Bacillus sub t ills by up to 5 orders of magnitude in 24 hours at 

ambient”” temperatures with a 1 ppm silver ion dose. 

Five extended simulated mission tests were performed with 
modified PFP systems to determine the effects of FCW constituents 

and their concentration on the number of JJSJJi’^svstei 

1 1 ^ A E WhltHGV FCW trcs-tiTis systci 



column ana loj a wxlu » ---- - - 

27.5 to 32.9% dynamic absorption capacity before pri 
A General Electric FCW treating system, composed of (1) a hiolog 
ical filter, (2) an ion exchange 

C4) a deionizer with a partial bypass exhibited 21.6 to 25.2% dy 
namic absorption capacity before pH breakthrough. From the tests 
it is concluded that (a) the 

of these systems is the same as the PFP, (b) in-depth filters do 

not effectively exclude bacteria and rniitirrif 

exchange resins did not sorb the organics (equal nart mixture or 

toluene, propyl acetate, sodium lauryl sulfate, 

ketone and xylenol) adequately to meet potability specifications 
for odor and taste. 

Four efficacy tests were performed with a AgBt canister dos- 
ing anticipated fuel cell water. Tests show that ® PP^ 

silver ion dose was bactericidial against 3 ± 1 x 10 (5 - 1 x 

io4/ml Pseudomonas aeruginosa and/or Type Ilia in 15 mi nutes or 
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SECTION 1 


INTRODUCTION S SUMMARY 


1.1 Background 

The Space Shuttle Orbiter is to use hydrogen-oxygen fuel 
cells to gLerate electric power, and water for consumption and 
llrtlnll hygiene. In general, fuel cell water is relatively 
pure because it is synthesized from hydrogen and oxygen 
SndergSne a phase chLge from an alkaline electrolyte. However^ 
the experience gained from Project Gemini and Project Apollo in 
di?a?efthlt full cell water can contain trace contaminants 

which affect it's taste, odor, and PC^^bility and, (2) micr^^ 
contaminants. . In addition, even P^^^terilized water stor^ 
board a spacecraft is easily contaminated via the c at 

unless the water contains a residual bactericide cj, ter 

an elevated temperature. Consequently, the Space 
should be provided with a water treatment system which . 

thravailability of fuel cell water which is sterile, potable and 

acceptable to the crew. 

The Gemini fuel cell water was not consumed by ^^e crew 

because it had a low pH, poor taste and itable t^eat- 

more. limitations prevented the development of a suitable treat 

systeL InstLd, the crew consumed potable water stored in 
bladder- type tanks which were also used to accumulate the. fuel 
cell water. 

Corrosion, poor taste and free gas problems have been en- 
countered with the Apollo fuel cell water. The j 

which is added to assure sterility, accelerates corrosion. In 
addition, chlorine must be added once every day during the mis- 
sion because the chlorine reacts with trace contaminants and 
the construction materials. A "chlorine taste 
whenever the crew failed to follow precise dosing proceau*es, 
in addition, a "nickel" taste, which is attributed to 
ated corrosion of stainless steel in the water heater, has be, 

present. 

The Apollo Lunar Module crews have all consumed stored 
water dosed with iodine. Initially, sodium hyP®®^^®''^^® 
tried, but abandoned when it was found that chlorine hydrate 
accumulated on the sublimators which also the stored water. 

It was also discovered that iodine diffuses through the sili 


Samonski,P. ’h T and Tucker, E. M., "Apollo Experience 
Report - Command and Service Module Environmental Control 
System'S NASA TN D-6718, March 1972. 

Gillen* R. J.» Brady, J.C. and Collier* F.* "Apollo 
Experience Report -Lunar Module Environmental Control 
Subsystem" NASA TN D-6724* March 1972 


cone- rubber bladders in the tanks and reacts with the anodized 
aluminum tank wall. Fortunately, the iodine depletion 
?osioS ?ates a?rslow, so that in-flight ^naintenance and fail- 

Sres can be avoided by not exposing the tanks to iodine until 
just before the vehicle is launched. 

All of the water management problems encountered by Project 

Gemini and Project Apollo indicate that a more for 

« 5 hnnicl he nrovided for future spacecraft - and especially 
Ihrieuslbirsjfce Shuttle. AlL, a residual bactericide, which 
can be passively added to the fuel cell water as the 
produced, should be used instead of chlorine or ^ox- 

dition, the water quality should 

ious tastes and/or odors which can be introduced by the tuei ceii 
ma^er^als - eSpe^Llly when the fuel cells are operated at any 
off-design conditions. 

CHEMTRIC had evaluated the use of silver 
ino water distilled from urine, treated flush water and concen 
mted SLh wrter!«,** In all cases, condensate passed through 
rc?lS™ cSntaining’silver chloride 
sterile for months - even though the 
organic contaminants and was exposed to the 

sbhereT In addition, no corrosion problems . 

stainless steel hardware which had se- 

urated water for up to four years. Thus, silver ^®ns 
lected as the residual bactericide to be evaluated for use 
the Space Shuttle Water Treatment System. 

Under Contract NAS 9-12104 CHEMTRIC designed and fabri- 
cated a breadboard model to evaluate the use of silver ions in 
thfipace IhuttU: Figures 1 and ”ni"a\iriog?«l 

Shown in these figures, ^he system includes (1) a bi^^^ 

filter for removing particulates, an activated carbon 

ter for adsorbing organic contaminants, (3) a Silver 

ftrra|e"a^d''mrterral imme?non ianhs , (5) 
rSli»r ’ f^J^ r^mo^Lr snfer^iy and inorganic contaminants , 

p?odicl.2a«; wUh rs“an« Vtity^f silver ions (0.05 ppm). 




Nuccio. P.P., et al . , "Refurbishment and Testing 
Integrated Waste Management System", AMGLO Report 3080, 
Chicago, Illinois, October 1969. 

Bambenek* R.A. » et al., "Upgrading and Extended Testing 
of the MSo Integtated Wafer and Waste Hardware * CHEMTRIC 
Report 3084, Roseihont, Illinois, May U72. 
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Support equipment included (1) holding tanks for simulated fuel 
cell water and product water, (2) a feed pump, and (a) miscel 
laneous.i terns such as valves, gages and sep turns. 

Five simulated mission tests were performed 
ware to demonstrate that silver ions are capable of (1^ Killing . 

3 X 109 Pseudomonas aeruginosa and/or Type II .ft bacteria in per 
iods L short - as - ll f teen ml il^ e s and (2) reducing the concentra- 
tion of Bacillus sub tilis . a spore-forming bacteria, by °r 

ders of magnitude (10^ to lO'l) in 24 hours. This worK showed 
that silver ions are extremely effective in maintaining potable 
water in a sterile condition. 

Technical problems , which affected water , 

ion dosing, were experienced with the breadboard system developed 

under Contract NAS 9-12104. The fil- 

duce water with the desired pH, and the ^ 

ter was unable to adsorb the organic specie (ethylene glycol J 
from the simulated fuel cell water. Also, the presence of chlo- 
ride ions in the simulated fuel cell water, ?]fPP’^®5®®P 
bilitv of AgCl by at least one order of magnitude. Furthermore, 
the AgBr column did not produce the desired silver ion concentra- 
tion (0.05 ppm maximum for potability). With this 
information^NASA JSC contracted CHEMTRIC to perform the work sum 

marized by this report. 

1.2 Objectives 

The detail objectives of this program are delineated by the 
Task Description defined in Section 3.2 of the Statement of Work 
for Coiitract NAS 9-12792 ; they are described as follows. 

Par 3.2.1 Deionizer Optimization and Activated Charcoal Improye- 
ment 


The product water produced by the breadboard system de- 
veloped under Contract NAS 9-12104 did not possess 
neither the specified pH (6.0 - 8.0 at 77°F) nor the 
silver ion concentrations (0.05 ppm maximum) required 
for potability. 

(a) Determine the type, quantity and. arrangement of 
ion-exchange resin required in the deionizer to 
obtain an effluent which has the specified pH and 
silver ion concentration. 


Hurley, T. L.* and Bambenek, R. A. "Potable Water Bacteri 
cide Agent Development", NASA CR-115595, July 1972. 

1-5 


H 


M 




(b) Using the deionizer and prestcrilization pro- 
cedure developed under Contract NAS 9-12104 » 
perform a series of tests with known silver- 
dosed ’’worst case” simulated fuel cell water 
and various ion exchange resin combinations to 
optimize the deionizer. 

(c) Test the deionizer with the optimum resin com- 
bination repeatedly to verify performance with 
respect to pH and silver ion concentration. 

fd) Investigate inclusion of ion exchange resins 

in the activated charcoal filter to remove any 
chlorides to minimize the ’’common ion” effect. 


Par 3.2.2 Breadboard Canister Shock/Vibration Testing 

Subject the breadboard system canisters to shock 
'and vibration tests which simulate the Space Shuttle 
launch environment to verify canister biochemical and 
hydraulic performances. These canisters (i.e.> 
activated charcoal* silver chloride* silver bromide 
and ion exchange beds) are to be ’’freshly loaded and 
subjected to the following simulated Shuttle launch 
conditions . 

(a) Launch ”G” Load (G in any direction): 3 

Cb) Liftoff/Boost Random Vibration Levels: 2.5 min- 

utes in each of 3 mutually perpendicular planes. 

20 to 80 cps 
80 to 180 cps 
180 to 200 cps 
200 to 400 cps 
400 to 450 cps 
450 to 2000 cps 

Fabricate a test fixture(s) to permit simul- 
taneous exposure of all canisters to the shock 
and vibration environments . 


3 dB/oct increase 
0.06 g2/cps 
12 dB/oct increase 
0.1 g^/cps 
-12 dB/oct decrease 
0 Jlfi_s^/cps 


Par 3.2.3 Breadboard System Performance Testing 

(a) Perform a baseline test before subjecting the 

canisters to the simulated launch environments. . 


(b) 


G 

f 


After shock and vibration testing* subject the 
breadboard system canisters to a 7*day simulated 
mission test using "worst case” simulated fuel 
cell water and evaluate their biochemical and 
hydraulic performances. 


B 
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Par 3.2.4 Preliminary Flinht Pro totype Design 

Prepare a design o£ a preliminary flight prototype 
vfater bactericide system, after 

breadboard system performance tests, fhe design 
ir?o be based upon (1) the results of Contract 
NAS 9-12104, C21 the results of the breadboard 
system perfiriiaice tests.and (3) the results of the 
Shock and vibration tests. The design is to inter 
face with the Space Shuttle, emphasize simplicity, 
and incorporate the flight characteristics of low 
weight, low pressure drop, maintainability, and 
compactness . 

Par 3.2.5 Preliminary Flight Pr ototype Fabricati^ 

Fabricate a preliminary flight prototype of the 
potable water bactericide system. All 
used in the construction are to be compatible with 
the working fluid (simulated fuel cell wate ) 
the Space Shuttle environment. 

Par 3.2.6 Simulated Shuttle Mis sion Testing 

Test the preliminary flight prototype system to 
verify performance and design requirements. 

(a) Perform a baseline test. 

(b!) Subject the system to the simulated Shuttle 
^ launch environment specified in paragraph 3.2.2. 

(cj Perform mission testing after ^ 

^ ^ vibration tests with "worst case simulated fuel 
cell water and biological contaminants. 

The two candidate fuel cells CPratt 5 Whitney a^^ 

Electric:) produce a fuel cell water which 
case" fuel cell water simulant. Following the completion 
"Corst ciL" fuerSll water tests, Extended Tests were Performed 
with modified Preliminary Flight Prototype systems composed of 
minimum number of components, treating 

Whitney and General Electric fuel cell water simulant, me , 
obj«?ivos of ?hhe tests were to simplify the.system (i.e., reduce 
the number of components) and to determine their use 
With Amendment/Modification No. IS, Paragraph 3.2- was ame 
by adding the following: 

"Following completion of these 'worst case fuel cell water' 
system tests the preliminary flight prototype system 
cLpononts shall be tested with various ^ 

fuel cell water to_ define the minimum bactericide system 
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rea ui reii\cn ts for processing ’clenner* fuel ccl^ wetci* c 
useful life and dynamic performance of each component shall 
be determined. A minimum of six simulated 
shall be performed using three different compositions o 
simulated fuel cell water (with and without chlorides) , and 
bac^eJifshall be injected daily. Sufficient water sampling 
anftJa?yles shall bl porforsiad to verify product water 
potability and to determine when system useful life is 
exceeded" . 

1 . 3 Accomplishments 

The work performed under Contract NAS S-12792 yielded the 

following results and conclusions which are described in fuithe 

detail on the pages listed in parentheses. 

1.3.1 Preliminary i'ciiis 

A. Experiments conducted with ion exchange ^®sin mixtures show 
that a mixed resin bed composed of 200 ml Amberlite IR-120, 
150 ml Amberlite IM-402 and 100 ml Amberlite IR‘45, _ 
produces an effluent which has the specified p S' oriiAn^* 
It is concluded that the addition of the strong base 
exchange resin Amberlite IRA-402 prevented of 

acids (primarily HF) which are not satisfactorily absorbed 
by the weak base anion exchange resin Amberlite_lK-4b 
(pp 2-1 to 2-4) . 

n Tests with ion exchange resins included in the activated 
IraJcoIi caiistL shoLd that the silver i?" 
in the stored water increased to greater than 
0.08 - 0.10 ppm. Removal of chlorides reduce the common 
ion’* effect on the solubility of AgCl CP 2-4). 

c. Extraction tests on various nonmetallics used in the 

construction of fuel cells indicated that ^^lid-liquid 
extraction was not a practical method of obtaining r 
■preuarinc organics for ’’worst case fuel cell 
simulant. Five organics, namely, (1) toluene, (2) propy 
acetate, (3) sodium lauryl sulfate, ( 4 ) isobutyl methyl 
. ketone, and (5) xylenol, were identified as probable 

extractables from the nonmetallics; these compounds wei« 
selected for use in "worst case" fuel cell water simulant 

(pp 2-4 to 2-6) . 

D Adsorption isotherm tests were performed with the five 

afo?emeitioned organics and preselected activated charcoals 
Test results showed that a mixed bed of charcoals, composed 
of 2 parts by weight Union Carbide’s Columbia and 3 parts 
by weight Westvaco"s Nuchar* has a capacity of 350 mg of 
COD per cram of charcoal at equilibrium for a 100 ppm 
n°“r.S« (equivalent COD of 140 ppm) of the five organics 

(pp 2-6 to 2-11) . 
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1.0. Z :--rc UP oarci i cs 

Tv.'o soven-duy (163 hour) breadboard SMT's v/cro per Conned 
with upgraded canister contents. The results of the tests 
demonstrated improved performar.ee over that experienced 
under Contract NVvS 9-12104. The product water quality was 
excellent; the pil ranged between 7.0 and 7.1, the specific 
resistance was alv.'ays greater than 150,000 ohm-ciu, and 95v 
or more of the organics were removed. The silver ion 
content of the product was, as expected above 0 . 05 ppm, 
ranging botv.'oen 0.0 7 and 0.10 ppm. The inclusion of ron 
exchange resins in the AGF did remove the chlorides (common 
ion) from the FCW simulant, and increased the solubility of 
AgCl by one order of magnitude; the net effect was an 
incrcr.se in silver ion dose in the stored water from 
a^._,.roximately 0.1 ppm to approximately 1.0 ppm. It was 
concluded that partial bypassing of deionized water through 
the silver bromide column would be required to maintain the 
dose of silver ions in the product water below 0.05 ppm 
(PP 4-1 to 4-11) . 

Xandom vibration tests simulating launch environment showed 
no effects on chemical performance (pp 4-3 to 4-11) . 

Random vibration and hydraulic testing showed that AgBr 
fines were produced either as a result of packing the 
canister or attrition during vibration. It was ^concluded 
that a cartridge concept should be utilized to facilitate 
pack...ng and washing of the silver halide columns , and to 
eliminate preparation as the mechanism for AgBr fines 
production (pp 4-3 to 4-8) . 

1.3.3 PFP Design 6 Fabrication 

.\ Preliminary Flight Prototype system was designed and 
fabricated to treat "worst case" fuel cell water simulant. 
The system is an assembly of upgraded breadboard canisters, 
welded together. The system includes (1) a biological 
filter, (2) an activated charcoal and ion exchange canister, 
(3) a silver chloride canister, (4) a deionizer, (5) a 
silver bromide canister and (6) mock-up instrumentation and 
circuitry for a p.H meter, a silver ion meter and a system 
delta-pressure transducer (pp 5-1 to 5-12) . 

A new biological filter w'as designed and fabricated. It^ 
contains a filter cartridge, a check valve, a bypass relief 
vn-lvc, and a AgCl column (pp 5-3 to 5-5). 


..loridc cartridge v/ 


'j n vn':: -Ci r. 


iS dcsip:necl and fabricated to 
;hin ■ of the A;iCl-;:^ass beau 


A silver bror.iiJc cartriA-e va -• ^csi^ned ana .uericaLCu lo 
lacili'catc prcpa nition and v.'ashing or tiic Aynr •• oc..d 

bed, to bypass soiuc of the water passing through the 
canister and to obtain a silver dose of approximately 0.05 
ppm in the product water (pp 5 "7 and 5 ”8) . 

1.3.4 PPP Tests 

A sevon day basaliAO S:-;T rar£orn.cd 


Flight Prototype system. 


was"s^cisfac^i^; ^n^ recording^' to ^r^diS^ ; . the product 

water quality was excellent and within a^x specixico.i.ions 
for potability, (pp 6-1 to 6-6) . 

A n 02 - 0 03 t)um silver ion dose and 21 hours of contact 
tiS.; LhiMts gictaricldal activity against 10^ Psoudemon^ 

UG rug in OS e und/ox Typo Iils- bs-Cuoxici (pp 6"3 and • 

Aandom vibration testing of the PFP hardware showed no 
significant detrimental effects (p 6-3). 

Random vibration and hydraulic testing of the PFP hardware 
showed no wash-out of AgBr fines (pp 6-3, 6-8 and 6-6). 

An eighteen day SMT was performed withthe PFP system which 

included injection of bacteria at possible 

during the first ten days. The periormance of the system 

was satisfactory; the product water ?3 

and within all potability specifications for the first 13 
days. On days 14 to 18, the product water pHjvas below 
6.0. The silver ion content of the stored wacer was _ _ 
approximately 1 ppm; this silver ion dose was bactericidal 
acainst 3 + 1 x 109 (i.e., 5 ± 1 x 104/ml) Pseudomonas ^ ^ 

aeruginosafand/or Type Ilia, and reduced Bacillus sub til is 
spores by three orders of magnitude in 21 hours (pp 6-8 to 6-17) 

1.3.5 Tests .N-ithout Chlorides in the Simulant 

Three tests were performed with a modified PFP system 
rocc'^sin'^ simulated Pratt 8 Vvhitney fuel cell water. o 
MponJn« used in these tests are: a) a one-micron particulate 
liter, (2) a silver chloride column, and (3) a deioni-er with a 
artial bypass (pp 7-1 to 7-18) . 

A seven day SMT was performed with "worst case" J 

Wh'-nev type fuel cell water simulant containing 100 ppm 
or^cmics.^^The oroduct water pH was within specifications 
during the f^rst four days; approximately a. oi wCC 
theoretical ion exchange capacity was expenucu ccfoic pH 
b .-^akthrough. Approximate:;- 601 of the oy,.anics weic 



thereafter. The silver ion concentration was 

1.1 ppiu in the stored water ana approximately 0.0 5 ppm in 

the product water (pp 7-5 to 7-9). 

An oiv’ht day SMT was performed with "mid ease'' J 

Whitney tyoe fuel cell water simulant containing 50 ppm 

product water pM was “ithin spocxfrcations 
during the first six days; approximately •^2.9-. of the 
theoretical ion exchange capacity was expended before p 

breakthrough. ^ Approximately^ 70 - Jy p^one 

wore renoved. during the firs’L three dc*\ s and v \ 

thereafter. The silver ion concentrations were approxa-.i-cCiy 
1 ppi. in the stored water and 0.04 - 0.05 ppa m the product 

water (pp 7-9 to 7-15) . 

' An eleven day SMT was performed with "low case" ^ 

Whitney type fuel cell water simulant containing 10 ppm 
S«ani(s!'^*^?he product water pH was within specitications 
viurino- the first ten days- Approximately 27.5^ of tnc 
theoretical ion exchange capacity was ^ 

breakthrough. No discernable amount of fJS^nics were 
removed. The silver ion concentrations 
1 ppm in the stored w'ater and 0.05 ppm in the product 
water (pp 7*14 and 7"16 to 7“22) • 

). An in-depth> one-micron filter ^ 7-21) 

and particulates effectively (pp / - 5 , 7-.8 ,7 -9 , 7 12,7 15 and / 2 J 

= A 1 ppm silver ion dose was bactericidal against 3 ± 1 x 
10l0^?i.e., 3 + 1 X 105/ml) Pseudomona s aerugino_sa and/or 
Type Ilia in 4 hours or less (pp 7-8, 7-15, and 7-21). 

F A 1 ppm silver ion dose at ambient temperatures reduced 

Bacillus subtilis counts by up to 5 orders of magnitude in 
24 hours tpp 7-8, 7-15 and 7-21). 

G. A 0.050 pp.".. residual silver ion tlpF^than 

at elevated '“P'^Tatures 330 - 336 K (135 145 F) t 

at lower temperatures, 279 - 282X1,42 ' j 

breakthrough or contamination of Bacillu_s_ subtilis 
their counts at the hot water outlet were lower than at the 
cold water outlet (pp 7-8, 7-15 and 7-21). 

1.3.6 Tests with Chlorides i n the Simulant 

Two tests wen'e performed with a modified PFP^system 
processing General hlev. .-ic type fuel cell 

components of this systc.... arc: (1) a oiological filter, (2) un 

:on*cxchar. column, (3) a silver ^ 

-cioniscr ...th a partial bypass ,pp 7-i8 a;.. ^-23 to 7 4ZJ . 


An ciuht duv SMT was pcrlorwcd with "worst case - 
hlcctric tyoe fuel cell water simulant containing . 

orga^IcL "^Tho i^roduct water pH was, with n speertreattons 
during the first seven days; approximately “5.2-« o 
theoretical ion exchange capacity ^ 

breakthrough. Approxiiiiately 60« of the Oigani s ^ v'rtually 
removed during the /first five 

ppiJ ir. -the st;Kdw...eer , ..d ap-proxir,.ately O.OS ppm in the 
prouuct ^pp '! -.1^ to 7-52). 

A tv'entv day SMT was nerformod with "low case" _ General 
Electric type fuel ceil water simulant containing 10 ppm 
oiganlcL ^The product water pH was within 

the first eighteen days; approximately of the 

• . - • ■ -..-.city v/as expe.u-.tp .;c'' .o pm 

' ... -■■ -L. - amount of organics were 

. .'o tions were approximately 1 

i )U in the stored water and approximately 0 . 05 ppm 
product water during the first 13 days; 

silver ion concentration decreased daily as the ^^^orptive 

capacity of the ion exchange column upstream of 

canister diminished from 0.9 ppm on cO ° 

day 20 in the s tored water , and from ppm on day . 

0.024 ppm on day 20 in the product water (pp 

The biological filter excluded bacteria and particulates 
effectively (pp 7-31 and 7-40 to 7-42). 

1. The bactericidal/bacteriostatic effects 

■ot)iu silver ion dose were similar to results ^ re y 

15parier«d during the PFP.Tests and the Extended ests 

without chlorides in the simulant (pp 7-31 and 7 40 to 7 4ZJ. 

1.3.7 AgBr Efficacy Tests, 

Four tests were performed with a modified PFP system 
processing anticipated fuel cell water simulant. A AgBr co^ 
with a partial bypass was the only component employed (pp 74 ) 

A Two tests were performed with anticipated fuel cell water 

lillani coLaiLng 10 ppm organics. A 0.0 ppm stlvor^on 
dose was bactericidal against 3 t 1 x 10^ a*®*’.; 
iO^/ml) Pseudomonas aeruginosa and/or Type ilia in is 
minutes or less (pp 7-46 to 7-48). 


with "worst 
simulant cont 


case" Gcncr.'il 
aining 100 ppm 
specifications 
25.2?a of the 
ded before pH 
allies wore 
c..rr.or virtually 
j>p roxi ma c e ly 1 
.OS ppm in the 


Two tests wore performed with 

simul,-..-.t containing, IOC pp..; organics. A 0.0s . 

ion «..ac V;ctcricia.-.i ..gainst 3 i 1 x .0 (t-c . - • 


con taming 
, . h actor; 



1.3.7 Odor and Taste Tc.sts 


A. 


B. 


Anticipated fuel cell water simulant with 10 ppm organics 
(2 ppm each of toluene, propyl acetate, sodium lauiyl 
sulfate, isobutyl methyl ketone, and xylonoij has an Odor 
No. 8 and a Taste No. 10 (p 7-50). 

Product waters from the Pretended test with "low case'' ^ 
General Electric type fuel cell water simulant containing 
10 ppm organics (i.e., Extended Test No. 5) had the 
following odors and tastes (p 7-50) . 


Odor 
No . 


Taste 

No. 


C. 


Test 
Day 

1 ^ 

20 

It is concluded that none of the product waters obtained 

during the Extended Tests (with and ^ 

satisfied the potability criteria for Odor (No. 3) and Taste 

(No. 3). 


1 . 4 Recommendations 

This report shows that a 0.050 ppm silver ion dose, 
added to fuel cell water simulant was bactericidal against the two 
types of bacteria previously found in Apollo 

109 or 5 + 1 x 104/ml Pseudomonas aeruginosa and/or Type Ilia 
cells were killed in fifteen (l 5“)' minutes or less, 

dSgned to treat "worst case" fuel cell ^yater simulant proved 
to be reliable, have sufficiently low resistance to flow and 
have the desired useful life. However, the components used in 
the modified PFP systems to treat various grades of Pi^att J 
WTiitney and General Electric fuel, cell water simulant had two 
shortcomings; namely, (1) the in-depth one micron , 

filter did not exclude bacteria and particulates effective y, 
and (2) the ion exchange resins did not remove the organics 
adequately to satisfy the potability specifications for odor and 

taste . 

It was demonstrated that only a filter and silver bromide 
column were required to treat "anticipated fuel cell 
ri c. the new baseline fuel cell water composition for the 

Shuttle). However, even if the fuel cell water complies 

cLSical limits'for potability, it «ay h objocttouablo 
odor and taste. The experimental data collecccd a...i t .a requi rements 
inSica^e tSat is a miMum the Space Shu;,:..- water trc-.imcnt system. 


shoul.; i..cluao (1) a biological .-i. tea-, (1; aii actlvaU-a char. ..al 


bed 




a silver 


bromiuc ocu. 
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It is rccomr.ondcd tlu'it NASA continue the dcvel^^ a 

system utilizins silver ions as fabricate and 

innic'il stcD in the development is to design, lapricatc ana 

evaluate an^advanced prototype silver ion 

cv/ci-nm The advanced prototype must incorporate the flight 
tested under simulated Shuttle 7-day mission conditions. 



SECTION 2 


PRELIMINARY TESTING 

Preliminary testing was performed to resolve the problems 
which arose under Contract NAS 9-12104. These problems includ- 
ed low product water pH, high TOC measurements, and low Ag con- 
centration in the stored water. 

2.1 Ion Exchange Resins Investigations 

Ion exchange resins were investigated to rectify the low 
nH problem encountered under Contract NAS 9-12104. An lucius 
trial survey, literature study and development tests wore per- 
formed. The problem was satisfactorily resolved by providing 
strong base anion exchange capacity CAmberlite IM-402) to pre- 
vent the breakthrough of acids Cpi'imarily HF) which were not 
satisfactorily absorbed by Amberlite IR-45 (a weak base anion 
exchange resin) . 

The industrial survey and literature study indicated that a 
mixed bed configuration would always produce a higher quality e±- 
fluent; this information eliminated separate bed (conventional or 
reverse) configurations from further consideration. The survey 
also indicated that in addition to the, various strong base anion 
exchangers, an intermediate base anionic resin (Rohm § Hass Com- 
pany's Amberlite IRA-47 or BioRad Laboratory 's BioRex 5) was 
available, which had service temperature capabilities up to 366 K 
(2C0^F) and was compatible with the sterilization techniques. 

A series of development tests were performed with the bread- 
board system using "worst case" fuel cell water; the goal was to 
achieve a pH ^7. The results of these tests are summarized in 
Table 1. The tabulated information shows that increasing the ra- 
tio of weak base anion to cation exchanger (Test 2) did not in- 
crease the pH over 7, and the use of .the 

exchanger did not improve the pH over the baseline (Test 1). The 
results of these tests also indicated that weak and intermediate 
base anion exchangers do not have the capability to absorb the 
acidity; therefore, it was concluded that a strong base anion 
exchanger would have to be employed. 

Strong base anion exchangers were used in Tests 4,5 and 6. 
The tabulated data shows improvements in pH and adsorption capa- 
bility. Test bed 4, a commercially available mixture of a strong 
acid cation exchange resin (Amberlite IR-120) and a strong base 
anion exchange resin (Amberlite IRA- 400) in a to one equiva- 

lent ratio, increased the pH over the baseline, but the goal 
a pH >7 was not achieved. Test 5 shows that increasing the 
amount o,' strong base anion to cation exchanger was beneficial. 
Test 5 '.'•csu'.ts also indicate that the strong base anion exchanger 
(A^nberlitc i.U-402) loses some of its capacity as a result of 


sterilization cycle (24 hours at 5‘^'^ 


Table 1 DEIONIZER DEVELOPMENT TESTS 


Tost 1 

Bed: Mixed, 240 ml Amberlite IR-120 § 210 Ambcrlite IR-45 

Sterilization: SSS^^K (180°F) water bath for 18 hrs with 50 ml/ 


min deionized water flushing. 


Specific 
Resistance 
'megaohm- cml 

0.82 

0.86 

0.74 


Total 

Acidity 


Total 

Solids 


Ag^ 

Cone. 


< 0.010 

< 0.010 

< 0.010 


Test 2 

Bed: Mixed, 165 ml Amberlite IR-120 8 285 ml / iberlite IR-45 

Sterlization: 355°K (180®F) water bath for 18 hours with 50 

ml/min deionized water flushing. 


Specific 

Resistance 

rmegaohm-cm" 

0.94 

1.4 

1.28 


Total 

Acidity 


Total 

Solids 


Ag"" 

Cone. 


< 0.010 

< 0.010 

< 0.010 


Test 3 

Bed: Mixed, 260 ml Amberlite IR-120 8 190 Amberlite IRA- 47 

Sterlization: 344°K (160°F) water bath for 24 hours with 50 

ml/min deionized water flushing. 


Day • pH 


Specific 

Resistance 

fmegaohom-cm) 

0.24 


Total 

Acidity 

CPPn^)- 

4.0 

14.2 


Total 

Solids 


Ag^ 

Cone. 


Table 1 CConcluded) 


Test 4 



f 


I 


I?. 



? • 






Bed: 450 ml Ambcrlite MB-1 (mixture of Amberlitc IR-120 5 

Amberlite II^~400) 

Sterilization; 344°K (160°F) water bath for 24 hours with 

50 ml/min deionized water flushing 


Day 

EIL 

Specific 

Resistance 

(meuaohm-cm) 

1 

6.6 

1.26 

2 

6.4 

0.98 

3 

6.6 

0.88 


Total 

Total 

Ag^ 

Acidity 

Solids 

Cone. 

('ppm') 

CPPnO... 

Cpp«^3 

1.0 

2 

<0.010 

1.2 

9 

<0.010 

1.4 

7 

<0.010 


Test 5 


Bed; Mixed, 120 ml Amberlite IR-120 § 320 ml Amberlite IRA- 402 
Sterilization: 344°K (160°F) water bath for 24_hours with 

40 ml/min deionized water flushing. 



2iL 

Specific 
Resistance 
fmeeaohm- cm) 

1 

7.6 

1.1 

2 

.7.6 

0.98 

3 

7.5 

0.80 

4 

7.4 

0.44 

5 

7.3 

0.16 

6 

4.8 

0.01 

7 

4.1 

0.01 


Total 

Total 

Ag^ 

Acidity 

Solids 

Cone. 

(ppm) 

CPPm) _ 

isml 

1.0 

10 

<0.010 

1.0 

12 

<0.010 

1.0 

1 

<0.010 

1.0 

6 

<0.010 

1.8 

8 

<0.010 

12.0 

5 

<0.010 

18.0 

9 

<0.010 


Test 6 

Bed: . Mixed, 200 ml Amberlite IR-120 , 150 ml Amberlite, IRA-402 
and 100 ml Amberlite IR-45. 

Sterilization: 344°K (160°F) water bath for 24 hours with 

40 ml/min deionized water flushing. 


Day 

pH. 

Specific 

Resistance 

(meeaohm-cm) 

1 

7.8 

1.3 

2 

7.6 

1.1 

3 

7.5 

1.1 

4 

7.5 

1.0 

5 

7.5 

0.78 

6 

6.2 

0.10 

7 

6.0 

0.07 

8 

6 . 0 

0.03 

9 

5.3 

0.01 

c 

H 

E M 


Total 

Total 

Ag+ 

Acidity 

Solids 

Cone. 

(ppm) 

(ppm) 

(ppm) 

1.0 

1 

<0.010 

1.0 

1 

<0.010 

1.0 

4 

<0.010 

1.0 

2 

<0.010 

1.6 

2 

<0.010 

4.2 

9 

<0.010 

5.6 

3 

<0.010 

8.8 

4 

<0.010 

8.8 

7 

<0.010 

T R 

1 
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of weak and strong base anion exchangers, f if 
ahsorntion capability and pH control than test bed 5 whicli con 
tainFoily st?on- baL anion exchangers. The maximum rccommend- 
cHpeJatLr^emferatu^^ for the strong base anion exchange res- 
ins is 333°K (140°F) . The tabulated information also shows that 
the silver ion concentration from the deionizer is 
desired value (0.05 ppm maximum); the strong acid cation ex 
eraiger ICLlite IIVUO) is satisfactorily absorbing Ag.. 

A deionizer with the composition of test bed 6 was employed 
in the design of the Preliminary Flight Prototype System because 
it performed the best and had satisfactorily withstood 
ilization cycle. It was also decided to place approximately 98 
cibif Centimeters (60 cubic inches) of this resin 
activated charcoal column to pick up chlorides 

Removal of the chlorides reduced the common- ion iCn 

cninhiiitv of the silvcr chloride. As a result the silver 
concentration in the stored water increased to greater than 1 ppm. 

2.2 Activated Charcoal Inve stigations, 

Under contract NAS 9-12104 the organic 
clvcol'l used in the FCW simulant was not readily adsorbed. In 
fuirUs M various suppliers of activated carbon Indzcated that 

low molecular weight. Jner of^a'^luel^cell) 

able. Subsequently General Electric (developer or a tuei ceii; 

informed NASA JSC that ethylene glycol would not be ^J^anic 

contaminant of fuel cell water. If was present, 

the fuel cell would not be in a normal operating condition. 

NASA JSC performed extraction tests on various nonme tallies 
used in the construction of the fuel cell., and concluded that 
three materials are the primary contributors of the 
taminants. The nonmetallics were identified as (1) JM s AF 4Z 
Lotch Brand Weldbond Film, (2) General Electric s RTV-630,and 
(3) Union Carbide's Polysulfone. 

Extraction and decantation tests were 
and elevated temperatures over a seven day Period by CHEMTR C. 

The results of these tests are presented in Table ,2. |he taou 
lated information shows that the amount ”fanics extracted 
each day diminishes with time. The data shows that (1) 3M s AF 
42 adhesive film contributes the most organics per unit area, (2) 
GE's RTV-630 silicone rubber eludes one- third the amount of o 

ganic per unit area, and (3) Union Carbide s ^ only 

lowest source of organics per unit area. In the fuel cell, oniy 
sirsJua^rcLtLetlrs (5S\square inches) of AF-42 adhesive film 
arc exposed to fuel cell water, whereas, 14,450 square centimeters 
^2240 square inches) of RTV-630 and 542,000 square centimeters 
f8400 square inches) of Polysulfone are exposed to fuel cell 
iatcr. Calculations indicate that to obtain 100 ppm of total or- 
gaiiJs in the FCW simulant (63 liters/day) for the future bread- 
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Table 2 NQNMETALLIC EXTIUCTION TESTS 



Ambient Temperature 
Quantity of Organic Extracted ^g 

COD/cm^ /day 

Day 

AF-42 

RTV-630 

Polvsulfone 

1 

249 

5 

20 

2 

28 

5 

20 

3 

14 

5 

' 20 

, 4 

6 

5 

20 

5 

2 

5 

20 

6 

2 

5 

20 

7 

2 

5 

20 

Average 

47 

5 

20 


Elevated Temperature 
Quantity of Organic Extracted ^g 

COD/cm^ /day 


AF-42 ^ 

RTV-630 2 

Polvsulfone 

1 

360 

5 

20 

2 

110 

48 

20 

3 

70 

121 

20 

4 

28 

5 

20 

5 

14 

5 

20 

• 

6 

2 

5 

20 

7 

2 

5 

20 

Average 84 

28 

20 


3 


1 

2 

3 


Elevated to 344®K (IbO'^F) for a 1 hour period daily 
Elevated to 366°K (200^F) for a 1 hour period daily 
Ele^a^ld lo maxiLi of 372«K (210<>F) for a 1 hour period 

days 3 - 7 . 
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board and PFP simulated mission tests (35 J^eters 

nrenaration, processing and extraction o£ over 92.9 square 
?inoo soia^e feet] of adhesive film, RTV-630 silicone rubber film, 
and/or polysulfone sheet material. This approach to obtain rep 
resentative organic contaminants was deemed not prac-ical. 

The organics extracted from 3M’s AF -42 adhesive film and GE s 
RTV-630 were subjected to activated charcoal adsorption Jests. 

3 and 4 oresent the adsorption isotherms of two different 
Ltivated charcoals. The data shows that ^estvaco'sNuchar brand 
of activated charcoal has more adsorptive capacity for the e 
tractables from both the AF-42 adhesive film and RTV 630 silicone 
rubber than Witco’s 718 brand of activated charcoal. 

Since solid-liquid extraction was not ^ 

p\Vorgi:rcs^°ara?T 

&rlirs“^ and literatuaa aiudy «« 

^ibbrr“Ml;suffo:e!lil%foxy rdi^ivIlnlSs organics 

Jer^idan?ified as probable extractables from the aforementioned 
no^LiScr They are as follows ; CD toluene, (2) propyl ace- 
M?e! ( 3 ) sodium lauryl sulfate, (4) isobutyl methyl ketone, and 
(5) xylenol. 

Adsorption isotherm tests were performed with ‘^e five pre- 
viously mehtioned organics at 100 ppm concentration and »“h two 
different types of activated charcoal. Figures 5 
the adsorption isotherms for Westvaco's show^ 

and Union^Carbide's Columbia activated charcoal. The Pj®^^ 
that Union Carbide's Columbia brand of activated charcoal has 
mo?e adso?pti^r«plcitrfot toluene and propyl acetate, whereas, 
Westvaco’s^Nuchar brand of activated charcoal has more adsorptive 
ctpaa” for sSdLm ?Lryl sulfate, isobutyl methyl ketone and 

xylenol . 

An adsorption isotherm test was performed with the five or - 
canics (toluene, propyl acetate, sodium lauryl sulfate, . 

methyl ketone, ind xylenol) each at 20 

a miLd bed of activated charcoals composed of J P arts by weight 
Union Carbide’s Columbia and 3 parts by weight ^estvaco s wucnar 
to determine minimum activated carbon requirements. ^ P’^® 

sents the adsorption isotherm. The plot ‘ ^ gram 

of activated charcoals has a capacity of 350 mg of COD per gram 

of charcoal or 35.0% at equilibrium. 
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2.3 Conclusions 


The Preliminary Testing proved very productive. The three 
, - f^nn+TArt NAS 9-12104 were resolved. Ihc pro 
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SECTION 3 




TEST PROCEDURES S METHODS 


3.1 Test Routine 

3.1.1 Water Management 

The daily test routine was dictated in part by the 
need to accomplish sampling and simulant 

8-hour day (single shift). The specific simulant influent flow 

rates, i.e.,'3.95 liters/hr and 1.98 liters/hr 

4.35 lb/hr),were used for the time durations specified below. 

An SMT was initiated at mid-day. The initial simulant in- 
put rate was set at 4 liters/hr (approximately ^qualto^«. 7^1^ 

hr) and maintained for four hours. ... th_. tx m/hrl and 

reduced to 2 liters/hr (approximately equal to 4.35 

maintained for sixteen hours. thi 

system was unattended except for brief creased 

becinninc of the 21st hour, the simulant input rate was increasea 
to^4 litfrs/hr. Product water draw-off and simulant /pro duct 
water flow .regimen were followed on each day of each SMT. 

The simulant and product water flow rates were 

SeoS «ad-?u? If the product water flow rate was provided by a 
calibrated flow meter. 

System pressure was controlled by the pressurant gas regu- 
lator'^^To^rrating pressure of 231,000 Newtons per square meter 
(33.5 psig) was necessary for a water delivery rate 22.7 liter/ 
hr (50 Ib/hr) with 207,000 Newtons per square meter (30 psi) 
head. 

The bactericide system was challenged by 
quantities of viable bacteria into the system at 
tions. Bacteria were injected once each day at a single loc 

tion. 

3.1.2 Water Sampling 

An important objective of the test program was the 
evaluation of individual component performance as 
Ill system performance. To accomplish both 

pling^and subsequent analysis of water at intermediate stages 
in the system had to be performed in addition to final product 
lltirsimllilg analysis.^ Such activity was conducted uniformly 
in each SMT to insure a common basis of comparison. 
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3 . 1 . 2 . 1 Intermediate Samplin g and Analyses. 

This effort was primarily to assess the 
silver dose level achieved by the AgCl column and to assess the 
performance of the activated charcoal filteri 

Samples were taken twice each day (4 l. 

after start-up) from the septum downstream of 

The metering pump was stopped for sampling T^o 

contents were sampled. All samples were taken 

separate 500 ml samples were taken at each ». 

ing individual samples for chemical and bacteriologic 

Five milliliters of 1 /lO normal sodium thiosulfate were added 

to the 500 ml biological sample immediately after sampling to 

arrest the bactericidal action of silver ions. 

3 . 1 . 2 . 2 Final Product Water Analyses 

Sampling of the final product water was 

performed at the end of each test day when the 

being drained from the system. Grab samples were taken ^ 

first, second, and third hours of hot and cold 

for in-house analyses, primarily biological. Chemical analyses 
were performed on the accumulated product water each day. 

The first 500 ml of product water drained was taken from 

the hot water outlet valve. Half of the J?’' 

biological analyses while the remainder was used for silver 
analyses and key performance characteristic/determination. 

The' first 500 ml of product water drained from the cold 
water outlet valve was sampled. Again, half of . 

used for biological analyses while the rest was usea for chemi 

cal analyses . 

The second hour grab samples from each outlet valve were 
used exclusively for biological analyses (plate counts) . A1 
grlb lamplIrweVe taken in sterile bottles directly from the 
hot and cold outlet valve. 

Samples of product water were 

ervoir after all of the product water had been drained ott. 

The analyses were performed on the product . 

addition, numerous samples were shipped to NASA .JSC for com 
plete analysis on selected days. 


y 
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3 . 2 Simulant Definition 

Dunlication of the particulate load could not be achieved 
without^significant departure from the stated contaminant con- 
tent. To duplicate the particle load, more than PPJl 

various sized particles would have to be f 

imated the particulate contamination requirements by the following 

Increased the silica content 20 PPm to 100 . ^250 mesh, 

silica powder provides particles in the 50 to 100 mi.cron 

range . 

Relied on the added bacteria, (10 ,000 , 1 to 2 micron P^ticles 
per 100 ml) to simulate particles at the low end of the p 
tide size spectrum. 

The specified alkalinity (greater than 30 ppm calcium car- 
honate) and the specified pH range were incompatible without 
the presence of alkaline buffers such f 

uhosDhates: such anions were not included in the worst case 
Mnstituent tabulation. The problem was ^^^^er compounded 
bv the fact that many of the metals form (1) highly insoluble 
cLbonate and/or phosphate salts, and (2) highly insoluble 
hydroxides in solutions with alkaline pH values. The pvob 
iL was really a question of elimination of 
lie elements or the alkalinity requirement. 
mended that the metallic elements be retained. 
the FCW simulant was adjusted by the addition of a standa 
izid alkaline solution (sodium hydroxide) to the specified 
pH range. 

Five organics previously identified as Pfo^able 
from the non-metallic construction materials 
cell f toluene, propyl acetate, sodium lauryl suit ate , is 
butyl methyl ketone , and xylenol) were used in equal concen- 
(20 ppm each) to provide the 100 ppm organic load. 

Except for the deviations noted above, all of the constitu- 
ents specified were included in the 

ents along .with their respective concentrations are listed i 
Table 3. 

3.3 Chemical Analyses 6 Methods, 


4. 


JSC 


This analytical effort was carried out in-house and at NASA 
. Standard methodology was employed in all analyses. 
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Table 3 WORST CASE FCW SIMULANT COMPOSITION 



Cationic Species 

Cadmium 

Copper 

Iron 

Lead 

Magnesium 

Mercury 

Nickel 

Platinum 

Potassium 

Sodium 

Titanium 

Zinc 


Concentration Cppm) 

0.01 

1.00 

0.30 

0.05 

0.17 

0.005 

0.05 

0.05 

0.54 

3.30 

0.20 

5.00 


Anionic Species 

Chloride 

Chromate 

Fluoride 

Nitrate 

Selenite 

Sulfate 


0.1 (Cr^° 

1.6 


0.04 

0.08 (Se = 
6.5 


= .05) 
.05) 


Particulate 

Silica (50 - 100 ^) 
Bacteria (1 - 10 

Other 

Total Solids 
Total Organics 
pH (pH units) 


100 

100,000/liter 


250 

100 

6.0 ‘ 8.0 
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TIiO analyticiil I'.icthods c:!’.ploycd at NASA JSC arc described 
ill dc.a.l in Document No. CSD-A-72C (Procedure Manual for Water 
yVnalysis) . Viic procedures contained in the above manual arc 
based on the procedures contained in the Standard Methods" text, 
or on superior instrumental methods (e.g., atomic absorption). 

..e chemical analyses were performelL in-house using the 
following metho '.ology . 

(1) Specific Resistance 

(a) Method - Standard Methods text, pages 323 - 327 
(’ ) Instrument - YSI Model #31, Conductivity Bridge 
(c) Accuracy - ± 1% in range of 2 ohms to 2 megaohms 


(a) Method - Standard Methods text, pages 276 - 281 

(b) Instrument - Corning Model 7 pH meter 

(c) Accuracy - ± 0.05 pH (relative) 

(3) Turbidity 

(a) Method - Nephelometric as per instrument manu- 
facturer’s manual 

(b) Instrument - Hach Chemical Co., Model No. 2100 A 
laboratory turbidimeter 

(c) Accuracy - ± 2% of full scale 

(4) Total Solids 

(a) Method - Gravimetric as per Standard Methods text, 
pages 535 - 541 

(b) Instrument - None 

(c) Accuracy - ± 5% 


* Star .ard Methods for the E xamination of Water and Waste 

ra73V7~15th Ed., APMA, AWWA, WPCF, Washington, D.C. (1971) 
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(a) Method - Titrimetrxe, mercuric nitrate method as per 
Standard Methods text, pages 95-99 

,.-'j Instrument - None 

(c) Accuracy - ± 4 ppm 

(6) Silver 

(a) Method - Atomic absorption 

(b) Instrument - Perkin-Elmer Model 103, Atomic Absorp- 
tion Spectrophotometer 

(c) Accuracy - ± 0.21 

(7) COD 

(a) Method - Standard Methods text, pages 495 - 499 

(b) Instrument - None 

(c) Accuracy - ± 2 ppm 

(8) ■ Acxdity 

(a) Method - Standard Methods text, pages 50 - 52 

(b) Instrument - None 

(c) Accuracy - ± 1 ppm 

(9) Alkalinity 

(a) Method - Standc- ‘d Methods text, pages 52 - 56 

(b) Instrument - None 

(c) ivccuracy - ± 1 ppm 

3. 4 Bacteriologic Analyses 8 Methods 

The methodology for culturing the test bacteria, prepar- 
in-’ bacteria challenge doses, and analyzing water are present 
ed**i.. following discussions. Standard techniques were em 

ployed. 


The test bac'ccria were obtained as follows: 

(1) -ypc Ilia from the National Center for Disease Control, 
Atlanta, Ga. 

r2’l Pseudomonas a eruginosa from the American Type Culture Col 
lection - type #14502 

fSl Bacillus s ubtilis from the American Type Culture Collec- 
tion - type #6633. 


3,4.1 Culturing and Dose P renaracion 

The above cultures were transferred to appropriate 
media upon receint. Sub-cultures of the initial transfers were 
made ..nd after incubation, were refrigerated for future use. 

The flavobacterium species and the Pseudomonas species 
were cultured on APT agar; the same medium was used , 

analyses o£ water sanplos. The bacillus species 
on AK agar S2; as with the other bacteria species, 
iSg medium wa^ also used in the analyses of ««er processed in 
thf SOT and dosed with the bacillus species. Pj«°'J^=yhecks of 
culture purity were made by gram stain, spore stain and streaK 

plate preparation. 

The same general procedure was followed in preparing the 
challenge doses of each of the 

the bacillus species did require heat ° 

vegetative cells and consequently some special -reatment was 

required. 

A correlation between viable cell count y and suspension 
turbidity was established for each test species. This correlation 

was used subsequently to aid in -Jed 

the test dose prior to injection into the system. The detailed 

procedures v^ere as follows: 

(1) Inocculate a kolle flask containing 500 ml of the solid 

nutrient medium and incubate at 309°K (96.8 tor 48 
hours (120 hours for B. subtilis) . 

d") Harvest the culture by teasing the agar surface with a wire 
loop in the presence of 25 ml sterile, phosphate buffere 
saline (PBS) . 


c 


(3) Transfer the suspension to a sterile, japped 

inc; 25 ml PBS and a quantity of glass beads. The flask 
was agitated vigorously for 15 minutes. 

r4'i The above suspension was then decanted into a sterile, 
cauped, centrifuge tube which in turn was centrifuged. 

The supernatant liquid was decanted off and the cells 
resuspended in 50 ml PBS and centrifuged again. The 
cells were then resuspended in 25 ml PBS. 

rs'l The final cell suspension was then submitted to serial, 

^ ^ decade dilution using 10 ml aliquots. Plate counts (Mem- 
brane Filter technique) and turbidity readings 
on each of the dilutions. The correlation established be- 
tween cell count and turbidity values were used in prepara 
tion of the challenge doses. 

The correlation established above permitted estimation of 
the cell count in subsequently prepared suspensions without in- 
curring the delay (24 - 48 hours) inherent in plate counts. 
Subsequent suspensions were prepared by the 

ut) to st'^n 4. An aliquot of the suspension wa., then subjected 
« selocwd dilutions; the turbidity of these dilutions was 
determined. From the turbidity, the cell count of the suspen 
was read from the correlation curve for that species. 

Once the cell count of the final suspension was known, the 
challenge dose could be fixed accurately each time. The minimu m 
challenge dose was 10^ viable cell and/or spores. 

The bacillus species was treated in an identical manner as 
above up to step 4. However, 8 kolle flasks of this 
wore used and the final suspension resulting from step 4 was 

TomSinld in a sterile flask. This combined ^^^P^^fafter heai 
mersed in a 3430K (158®F) water bath for ^0 minutes after heat 
treatment; the combined suspension was submitted to plate counts 
rMF ted' -.ique). The serial dilutions used in the plate counts 
weL s5bmi«ed to turbidity meesurements for reference 
The combined suspension served as the stock for all B. subtil i^ 

doses . 

An aliquot of all challenge doses was submitted t® Pjaj® 
count procedures on the day of injection to verify the e 
mated dose. 

3.4.2 Quantitative Analysis 


.lysis 


Thi"' assay method used for water analysis and 
..-.e cell suspensions was the membrane filter tech' 


i 

T 

T 


nitiuc . The nutrient r.iediu used £or culturing the test bacteria 
was also used in the assay. Sodium thiosulfate (1.0 ml of 0.1 
h solution per 100 ml of v/ater) was added to each sample as soon 
as possible after sampling to arrest the bactericidal action of 
s i 1 ve r . 

The membrane filter method of assay is a standard procedure 
and need not be described at length. Ihe salient features of 
the subject application are as follows; 

(1) Five hundred ml of samples were filtered. 

(2) The filter disc was washed with three 100 ml aliquots of 
0.001 N sodium thiosulfate, followed by washing with three 
100 ml aliquots of APT broth. Filter discs used in cell 
suspension assays were washed with APT broth only. 

(5) Standard filter disc holders were used (Millipore'catalog 
#XXll-047-00) . 

(4) Standard filter discs (47 mm diameter) were used; the pore 
size was 0.22 microns. 

(5) The filter discs were placed (rolled) onto the surface of 
the appropriate agar medium; the petri dishes were sealed 
with plastic tape and incubated in a humidified incubator. 

(6) The above plates were inspected for growth after 24 and 48 
hours of incubation. 

All water samples were assayed on the day that they were 
acquired. 

3.5 NASA JSC Lab Silver Analyses 

Samnles of stored water and product water were analyzed for 
silver content by the JSC Labs. The results of these analyses 
are presented in Appendix B and compared with the determinations 
performed by CHEMTRIC. The objective of conducting duplicate 
analyses was to corroborate the CHEMTRIC analyses and to establish 
a confidence level in the performance of the components and system 
under development. The silver analyses by CHEMTRIC were performed 
on the day the samples were collected; whereas, the silver analys" 
es peivormed by the JSC Labs were performed several weeks after 
completion of a test. 



In iicncral the results were comparable. However, two 
typos o£ anomalies were observed. In_ the more 
of 'inomalv the hC3 Lab silver determinations wore loss than 
CllHMTRlC's ^determination. The Ellington UU6 

ysos confirmed the differences. Shelf tests indicated that 
?^rcyc?cd polypropylene pl.s-ac sapling 


recvcicu {jo-Lypi r o 

ing the silver concentration. The recycled 

ociasionally contained biologically contaminated water, ^ 
water to be discarded was dosed with iodine before discarding 
%wn the drlin. It was concluded that iodine was absorbed 
by the polypropylene elastic and subsequently reacted with the 
silver ions^during shipment and reduced the 

tration. This problem was eliminated by immediately transfer 
"nfivaLr samples to now plastic bottles ii samples wore col- 
lected in recycled bottles and eventually discarding all of 
the old recycled polypropylene bottles. 

In the lesser type of anomaly the ECS Lab silver determine 
tions were greater than CHEMTRIC's determinations. It aPPears 
that contaminants were being extracted from some oe P ^ 
ethylene plastic shipping bottles and were on 

the analysis, since analytical copoboration was achievea on 

duplicate samples shipped in another 

ever, a more detailed investigation of this anomaly was not 
conducted because the source of contaminpts was attributed to 
some polyethylene bottles of random quality. 


SUCTION 4 



BUl-ADROARD TESTS 

Two scvcn-day (168 hour) simulated mission tests were per- 
formed with the upgraded canister designs (contents) and pr 
cessinu schemes. objective of these tests was to demon- _ 

strate improved system performance and that no performance de 
:r(datlo7i°uld o(cur bocause of tho random vibrating testing. 


Test Apparatus 


Figure 8 shows the arrangement of canisters 
components in the breadboard tests. The components 
^ho^nroLLiL system, in tho order of their use are as follows. 
(1) biological filter, (2) activated charcoal and ion exchange 
filter f31 silver chloride colunm, (4) deionizer, and (5) 
(n«('b(Side rjumn. The >jaraware Ccanyters) and ancill« 

components were the same as developed ^°^^^Q^i 2 er con- 

12104 The activated charcoal filter and the deioni 

.ent^were npgrUd; the other components remained unchanged. 

The breadboard canisters were packed and tminArv 

cordance with the information developed during 

investigations of ion exchange resins n 20 * 

The activated charcoal canister was packed with of^mixed 

in3l of mixed activated charcoals and 885 cm (54 in ) of 

rAft 9 ins'll of Union Carbide Columbia LCJ • The ion exenan^e ucu 
compoLd of a tiJture of 394 cm3 (24.1 in3) 

Ito, 295 cm3 (18.0 in3) of Amberlite IRA-402 , and 196 cm3 (H.9 
in3) of Amberlite IR-45. 

The deionizer was packed with 450 cm3 C27.4in3) of mixed 

li^-402, and cm3 (6.1 in3) of Amberlite IR-45. 

Pall Trinity Micro Corporation's housing P/N 
and fttier catSdge P/N MCY lOOlUR was the biological filter 

ti I 

The deionizer canister and the canister containing the 
activated charcoals and ion exchange resins were sterilized 
3440 K (160OF) for 24 hours prior to use. 


onents remained unchanged. 
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4.2 Ercaclboard Test No> 1 


r. 


[ 








- Results S Discussion 


A seven-day simulated mission test was performed during 
the period June 20 to June 26, 1972. The objective was to dem 
onstrate improved system performance. 


Table 4 lists the daily water quality characteristics of 
the first breadboard test while processing ^Vorst case* fuel 
cell water simulant. Tabulated key characteristics indicate 
the performance of the upgraded breadboard potable water bac- 
tericide system was satisfactory and according to predictions. 
The product water quality was excellent. The pH ranged between 

7.0 and 7.1, the specific resistance was always greater than 

150.000 ohm-cm, and 97% or more of the organics were removed. 
The silver ion content of the product water, as expected, was 
above 0.05 ppm, ranging between 0.07 and 0.10 ppm. The in- 
clusion of ion exchange resins in the ACF did remove the chlo-.. 
rides from the FCW simulant and increased the solubility o± Ag 
Cl. The net effect of performing ion exchange upstream of the 
AgCl column was an increase in the silver ion dose by an order 
of magnitude over that observed at ambient temperatures under 
contract NAS 9-12104. 


4.3 Random Vibration Testing 

Fixtures to hold the breadboard canisters during 
bration tests were fabricated. The canisters were assembled 
together with brackets to a mounting plate so that all canisters 
were exposed to vibration simultaneously. 


The assembly was then subjected to the random vibrations 
specified in Section 1.2 at the Inland Testing Laboratories , Inc. , 
Morton Grove, Illinois. The vibration tests were witnessed by 
cognizant CHEMTRIC personnel and the NASA JSC Technical Monitor. 


4.3.1 External Examination 

Visual examination of the canisters after the vi- 
bration tests revealed no evidence of any physical damage. A 
report. Test Report No. 1392-1, prepared by the Inland Testing 
Laboratories is included in the Appendix C of this report . 

4.3.2 Flow Resistance of Canisters - Hydraulic Exam ination 

The operating pressure drop characteristics of the 
individual canisters were determined three times; namely, pre- 
vibration, post- vibration , and post second breadboard test. 
Figures 9 and 10 present the results of the three tests. 
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WATER QUALITY CHARACTERISTICS 


Cl" 

fppm) 

Acidi - 

ty 

Cppm) 

Alka- 

linity 

(ppm) 

TS 

Ag+ 

.(PPgl 

Count 

V r 

8.2 

15.0 

0.0 

23.1 

<0.01 

_ _ _ 

<1.0 

<1.0 

4.0 

2.7 

0.95 

- 

<1.0 

<1.0 

3.5 

6.3 

0.90 

Sterile 


_ _ 

- . 

- - 

<0.01 

“ - - 

<1.0 

<1.0 

2.5 

4.3 

C.IO 

Sterile 

8.2 

2.6 

6.0 

15.5 

<0.01 

- - - 

<1.0 

<1.0 

2.0 

4:9 

0.90 

- - - 

<1.0 

<1.0 

2.0 

2.0 

1.00 

Sterile 


— — 

_ 

- - 

<0.01 

- - - 

<1.0 

<1.0 

3.0 

0.4 

O.l'O 

Sterile 

8.2 

2.0 

6.0 

21.4 

<0.01 

- - - 

<1.0 

<1.0 

<1.0 

3.6 

1.00 

“ - ” 

<1.0 

<1.0 

<1.0 

5.1 

0.85 

Sterile 


- ■ 

« - 

- - 

<0 .0,1 

“ - - 

<1.0 

<1.0 

<1.0 

0.3 

0.10 

Sterile 

8.2 

1.6 

6.0 

14.6 

< 0.01 

- - - 

< 1.0 

< 1.0 

< 1.0 

2.8 

1.08 

- ^ ~ 

< 1.0 

< 1.0 

< 1.0 

3.4 

1.30 

Sterile 


^ _ 

- 

- - 

< 0.01 

- - - 

< 1.0 

< 1.0 

< 1.0 

0.3 

0.10 

Sterile 
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Table 4 Concluded 




Spec. 

Tur- 

COD 

Test Day 


Resis . 

bidity 

CJTU’s) 

5 Sample 

pH 

(K ohm -cm) 

(ppm) 

Day Nc . ' _ 
Simul an c 

6.6 

22.2 

15.0 

140 

Stored 4th* 

6.9 

330.0 

0.05 

10 

Stored 21st* 

6.9 

340.0 

0.05 

10 

Deionizer 

7.1 

1170.0 

~ - 

<5 

Product 

7.1 

630.0 

0.02 

<5 

Day No. 6 
Simulant 

6.5 

22.0 

15.0 

140 

Stored 4th* 

6.9 

310.0 

0.08 

10 

Stored 21st* 

7.0 

370.0 

0.07 

10 

Deionizer 

7.1 

650.0 

- - 

<5 

Product 

7.1 

600.0 

0.03 

<5 

Day No. 7 
Simulant 

6.5 

21.5 

10.4 

140 

Stored 4th* 

6.7 

350.0 

0.08 

30 

Stored 21st* 

6.8 

310.0 

G.04 

30 

Deioni zer 

7.0 

800.0 

- “ 

10 

Product 

7.0 

160.0 

0.04 

10 


Dashes indicate no analyses performed 
* Denotes Hour 


Cl' 

(PP"^)_ 

Acidi- 

ty 

XP^mi 

Alka- 

linity 

(PPP»1 

.TS 

(PP"»I 

Ag+ • 
(pi'-iXL 

Count 

8.2 

2.4 

6.5 

14.8 

<0.01 

- - ^ 

<1.0 

<1.0 

<1.0 

2.2 

1.00 

- - - 

<1.0 

<1.0 

<1.0 

1.4 

0.95 

Sterile 


- 

- - 

- - 

<0.01 

“ - - 

<1.0 

<1.0 

<1.0 

0.2 

0.10 

Sterile 

8.2 

2.0 

4.0 

15.6 

<0.01 

- - - 

<1.0 

<1.0 

<1.0 

3.1 

0.96 

- - “ 

<1.0 

<1.0 

<1.0 

3.6 

1.02 

Steri le 


_ - 

- - 

- - 

<0.01 

- - - 

<1.0 

<1.0 

<1.0 

0.9 

0.07 

Sterile 

8.2 

2.0 

6.0 

15.8 

<0.01 

- - 

<1.0 

<1.0 

2.0 

0.8 

0.92 

- - - 

<1.0 

<1.0 

2.5 

1.1 

0.96 

Sterile 


- 

- - 

- - 

<0.01 

- - - 

<.1.0 

<1.0 

<1.0 

0.2 

0.07 

Sterile 






Pressure Drop 





The previbration data v.'as collected on the refurbished 
canisters to establish a baseline for the subsequent tests. 

Pressure drop measurements taken after vibration show no change 
from the baseline for the ACF, AgCl and IX columns, 
silver bromide fines were observed being washed-out 
column. After the measurements were completed, the column 

was flushed with deionized water at the 

of 22.7 liters/hr (50 Ib/hr) for 30 minutes. After 30 » 

influent and efflxient turbidity measurements indicated AgBr 
fines were no longer flushing out. 

Following the seven-day performance ^ j^’^^«o®chances 

operating pressure drop characteristics was ‘ ^ 

from the earlier tests were observed in the ACF, AgCl, or X 
columns. The flow resistance of the AgBr column remained as in 
the post- vibration test, slightly decreased in ^ 

baseline. This decrease was probably a result of flow through 
parts of the column where the fines were washed-out. 

Visual inspection of the AgBr canister after the seven-day 
test and third set of pressure drop "‘e as urements indicated th^ 

AgBr fines had penetrated the Pyrex wool. T^e 
located in the as -packed original position 

during vibration. The apparent canister 

ther a result of packing the canister or of vibrating the canister 

More extensive flushing after packing the silver bromide column 

was indicated for the subsequent PFP testing. 

4.4 Breadboard Test No. 2 - Resu lts § Discussion 

The second seven-day (168 hour) simulated 
nerformed during the period July 12 to July 18, 1972. The can 
isters were refurbished with the same composition as used^in 
Breldboa?d Test No. 1. The objective of the test was to demon- 
strate that the potable water bactericide system suffered no 
degradation due to the random vibration testing. 

Table 5 lists the daily water quality 
the second breadboard test when processing worst case fuel 
cell water simulant. The tabulated characteristics indicate 
that the seven-day performance of the 

subjected to simulated launch vibration was satisfactory, pe 
product water was of excellent quality, similar to that pro- 
duced in the baseline (first) breadboard test. The pH range 
was 6.9 to 7.1, the specific resistance was 
500 #000 ohm-cm and# as in the baseline test, at least 
the organics were removed. 
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Table 5 BREADBOARD TEST No. 2 WATER 


m 


u 


0 






Spec. 

Tur- 

COD 

Test Day 
§ Sample 

pH 

Resis . 
fKohm-cm) 


Day No.l 
Simul ant 

6.6 

22.5 

14.5 

140 

Stored 4th* 

7.0 

270.0 

0.06 

10 

Stored 21st* 

7.1 

275.0 

0.06 

<5 

Deionizer 

7.1 

1020.0 

- 

<5 

Product 

7.1 

830.0 

0.02 

<5 

Day No. 2 
Simulant 

6.6 

22.0 

1 ,.o 

140 

Stored 4th* 

6.9 

390.0 

0.04 

10 

Stored 21st* 

7.1 

390.0 

0.04 

10 

Deionizer 

7.1 

1060.0 

• - 

<5 

Product 

7.1 

840.0 

0.03 

< 5 

Day No. 3 
Simulant 

6.5 

22.0 

15.5 

140 

Stored 4th* 

6.9 

385.0 

0.03 

20 

Stored 21st* 

7.0 

400.0 

0.03 

10 

Deionizer 

7.1 

1060.0 

- - 

5 

Product 

7.1 

840.0 

0.02 

5 

Day No. 4 
Simulant 

6.6 

22.5 

16.0 

140 

Stored 4th* 

6.9 

390.0 

0.05 

20 

Stored 21st* 

6.9 

400.0 

0.04 

10 

Deionizer 

7.0 

1100.0 

- - 

5 

Product 

7.0 

860.0 

0.03 

5 


Cl 


Dashed indicate no analyses performed 
♦Denotes Hours 


8.1 

< 1.0 

< 1.0 

< 1.0 


8.1 

< 1.0 

< 1.0 

< 1.0 


8.1 

< 1.0 

< 1.0 

< 1.0 


8.1 

< 1.0 

< 1.0 

< 1.0 


V 



QUALITY CHARACTERISTICS 


Acidi- 

Alka- 

• 

Ag+ 


ty 

Unity 

TS 

Count 

(ppm). 

.(PPm.)_ 

(ppm) 

(ppmi 

3.0 

7.0 

14.3 

<0.01 

- - - 

<1.0 

<1.0 

4.9 

0.90 

“ r ” 

<1.0 

<1.0 

1.5 

0.84 

Sterile 



- - 

<0.01 

- - - 

<1.0 

<1.0 

0.5 

0.084 

Sterile 

2.0 

6.0 

10.8 

<0.01 

- - - 

<1.0 

<1.0 

1.0 

1.08 

- ~ - 

<1.0 

<1.0 

0.9 

0.90 

Sterile 


_ ~ • 

- - 

<0.01 

- - - 

<1.0 

<1.0 

1.0 

0.036 

Sterile 

1.4 

8.0 

12.5 

<0.01 

- - - 

<1.0 

<1.0 

1.3 

1.10 

- - 

<1.0 

<1.0 

1.2 

1.16 

Sterile 


_ ^ - 

- - 

<0.01 

- - - 

<1.0 

<1.0 

0.8 

0.090 

Sterile 

1.4 

7.0 

17.7 

<0.01 

- « - 

<1.0 

<1.0 

1.5 

1.08 

- - “ 

<1.0 

<1.0 

1.0 

1.04 

Sterile 


- 

- - 

<0.01 

- ~ ~ 

<1.0 

<1.0 

0.6 

0.082 

Sterile 




’Q Table 5 Concluded 



Spec. Tur- 


Test Day 
§ Sample 

pH 

Resis . 
(K ohm -cm) 

bidi ty 
CJTU’s) 

COD 

Cl" 

(ppm) 

Day No. 5 

Simulant 

6.5 

22.0 

15.0 

140 

8.1 

Stored 4th* 

6.8 

370.0 

0.06 

20 

<1.0 

Stored 21st* 

6.8 

380.0 

0.06 

10 

<1.0 

Deionizer 

7.0 

950.0 

- - 

5 


Product 

7.0 

780.0 

0.04 

5 

<1.0 

Day No. 6 
Simulant 

6.6 

22.0 

14.5 

140 

8.1 

Stored 4th* 

6.8 

340.0 

0.05 

20 

<1.0 

Stored 21st* 

6.9 

350.0 

0.06 

10 

<1.0 

Deionizer 

7.0 

930.0 

- - 

5 

- - 

Product j 

7.0 

720.0 

0.03 

5 

<1.0 

Day No. 7 
Simulant 

6.5 

i 

22.5 

16.5 

140 

8.1 

Stored 4th* 

6.6 

300.0 

0.06 

20 

<1.0 

Stored 21st* 

6.6 

310.0 

0.04 

10 

1.0 

Deionizer 

6.9 

710.0 

- - 

5 

- 

Product 

6.9 

520.0 

0.02 

5 

<1.0 


Dashes indicate no analyses 
* Denotes Hour 



m 








Acidi- 

ty 

(ppm) 

Alka- 

linity 

(ppm). 

TS 

(ppm) 

Ag+ 

(PP»»1 

Count 

1.4 

7.0 

13.4 

<0.01 

- - . 

<1.0 

<1.0 

1.4 

1.04 

- - - 

<1.0 

<1.0 

1.3 

1.08 

Sterile 

_ _ 

.. 

- - 

<0.01 

- - - 

<1.0 

<1.0 

0.6 

0.090 

Sterile 

1.4 

8.0 

18.9 

<0 .01 

- 

1.0 

<1.0 

1.6 

1.04 

- - - 

1.0 

<1.0 

1.8 

1.06 

Sterile 


- . - 

- - 

<0.01 

- - - 

<1.0 

<1.0 

0.4 

0.08 

Sterile 

1.0 

10.0 

14.9 

<0.01 

- - - 

1.0 

^1.0 

1.4 

1.04 

- - - 

1.0 

<1.0 

1.4 

1.02 

Sterile 


- - 

- - 

<0.01 

- - - 

<1.0 

<1.0 

0.5 

0.08 

Sterile 



n 



As in the first breadboard test, the silver bromide column 
dosed\ho deioniier effluent with silver ions ranging in concen- 
tration between 0.08 and 0.10 PP»i’ T’'® 

Bactericide System exhibited no chemical degradation due to the 
random vibration testing. 

Daily sterility determinations were performed on stored 
water and'^product water by Innoculating thioglycolate 
tubes were incubated at 308°K (95®F) and and 48 

hnuT^ for turbidity. The stored water and the first 500 ml ot 
product water drawn-off at the outlets after 21 
(no draw-off in the interim) were determined to be sterile. 

4.5 Conclusions 

The two breadboard tests conclusively showed that the Bread- 
board Potable Water Bactericide System is capable ^ 

notable water for at least seven days. The system 
5o degradation due to vibration testing, ^2) _maintained sterility 
throughout the system during the seven operating ' 

demonstrated that the former chemical problems 
factorily resolved, except for silver ion dose in the product 

v/ater . 

The silver ion dose was in accord with published 
values* on the solubility of silver bromide “ i.e., 0.08 to u.i 
nnm at ambient temperatures. It is concluded that a fraction of 
the deionizer effluent must bypass the AgBr Column to obtain a 
silver ion dose 4 0.05 ppm in the product water. 


Solubilities, Vol 1. 4th Ed., American Chemical Society, 
Washington, D. C. (1958). 




PRELIMINARY FLIGHT PROTOTYPE DESIGN 

A preliminary flight prototype water bactericide system 
was to be designed, fabricated and tested under Contract NAS 
9-12792. The design was to be based upon (1) the results of 
Contract NAS 9-12104, (2) the results of the , 

shock and vibration tests and (3) the results of the breadboard 
system performance tests. 

Four breadboard canister housings (the activated charcoal 
filter, the silver chloride column, the deionizer, and ^h® 
silver bromide column) developed under Contract NAS 9-12104 
were utilized "as is" in the Preliminary Flight Prototype design. 
The system, except for the biological filter, is an assembly or 
upgraded and tested breadboard canisters. The components that 
define the treating system in the order of their use are as 
follows: (1) biological filter, (2) activated charcoal and icn 

exchange resin canister* (3) silver chloride canister, (4) 
deionizer, and (5) silver bromide canister. 

5 . 1 Design Considerations 

The design practices employed were cognizant of reliability, 
quality assurance, and safety. 

S . 1 . 1 Reliability 

Although a reliability study was not performed, 
related CHEMTRIC efforts on the development of the water and 
waste management system for a modular Space Station provide 
direction in the design effort. The failure modes of the 
canisters are (1) external leakage, (2) channeling, and (3) 
clogging. The probability for external leakage is reduced 
through the use of welded connections and a single removable 
seal of the "0" ring variety. Corrosion induced leakage is 
minimized through material selection, elimination of crevices, 
heat treatment and passivation. The media compression spring 
retards bed shifting which can promote channeling; the |jedia 
restraint also reduces the probability of particle disintegrati 
which if unchecked could lead to off-quality water and clogging 
of the outlet media retainer. 

The combination of perforated metal discs, screens and 
Pyrex wool as media retainers provides a "depth" type filtration 
capability; this arrangement is less prone to clogging than a 
"membrane filter" type retainer. In the case of the biological 
filter, a bypass relief valve provides an alternate hydraulic path 
for the fuel cell water should the "membrane filter clog. 


Hurlcv, T. L. and Bambenek, R. A. , ibid , . 

Subcontract S.S- 863762 -KO with the Hamilton Standard Division 
of the United Aircraft Company, under Contract NAS 9-102/3. 





5.1.2 Quality Assurance 


The performance of the PFP potable water bactericide 
system is related to chemophysical processes and materials 

composing the various contacting beds affect the quality o 
product water. Preparation, packing, and sterilization of these 
materials was conducted in accordance to developed procedures 
(CHEMTRIC Assembly Procedures 310C) . 

The cartridge design concept for the silver haiide columns 
fAgCl and AgBr) minimizes the breakthrough of silver halide 
Knes during launch environments. The silver halide 
produced during the packing are readily washed-out in the 
preparation procedures. 

The design emphasizes control of corrosion. The canisters, 
brackets and tubing were fabricated from 316 stainless steel. 

Welding was employed to join components; Sd^ 

in lieu of lap-type unions. The assembly was heat treated and 
annealed to minimize the potential for intergranular corrosion, 
and then passivated. Subsequent cleaning and decontamination 
procedures were performed, without the use of abrasives, to 
preserve the integrity of the passivated surfaces. 

5.1.3 Safety 

A safety hazards analysis was not conducted but 
safety goals were considered in the design. In regard to the 
canisters, the only mechanical safety hazard 
this time is the spring loaded end cap. Once the 
clamp is removed, the media compression spring can propel the 
end cap outward. However, sterility requirements dictate no 
inflight maintenance, especially at the component repair level. 
The design of the flight system should provide positive means 
to prevent canister disassembly. 

The performance of the system will be monitored by pH, 
silver ion concentration and pressure differential. The PJJ 
sensoi will determine the hydrogen 

ly indicate absorption capacity breakthrough. The silver ion 
sensor will determine the silver ion concentption, and ^he 
quSnUty will indicate potability and its 

bacteriostatic effectiveness or toxicity. The delta pressure 
sensor will determine any changes in flow resistance - i.e., 
clogging or channeling. 

A check valve was incorporated into 
to prevent back flow of AgCl dosed water to the fuel cell and to 
protect the filter cartridge from excessive back pressures. 



5.2 Biological Filter 

oall Trinity Micro Corporation's housing P/N MCS 
and filter cartridge P/N MCYIOOIUR 

Inrialtlidgfhld ^SequStf J^dir/capacU lUtlllli ^L’^shock 

^iMfr^tKA dJ^tnf !^Sih*'S:tISIe;t£cartridge is supported 
Within the housing in a cantilevered fashion. 

Figure 11 illustrates the biological filter 

developed under this program. This component contains J filte 
cartridge, a |he-k valve, a bypass relre^ 

fairSi. rB!A“8i!"Thr"aI??tdge is 25 4 c. (10.0 inc^e^^ 

and has an outside diameter C®®) ° • 4045 square meters 

ra?efl?Ite°r:edirir«l%Sefts™of^m^^^^^ 

polypropylene end caps which are in tu 
perforated polypropylene protective sleeve. 

The filter cartridge is spring Sj^Nlwtons'^S force* 

vibration. The selected spring Provides 2 -33 Newton t 

per centimeter (1.33 pounds P®"^ °f„^247 iAcM (solid 

Ie.85 inches) (free length) f? 6.27 mm (0.247 inch! 

i;p!leVwhI!l"ttfipIinnr«mpIess^ Sch) 1ype"u’-8 

as follows I 


Mean Coil Diameter 
Number of Active Coils 
Total Number of Coils 


= 6.45 cm (2.54 in) 
= 3-1/2 

® 5-1/2 


... :;tr 

cartridge from excessive back pressures. 

rht> hvnAss relief valve incorporated into the design in 
case of filter cartridge blockage has a SUver 
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Figure 11 BIOLOGICAL FILTER 
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in the biological filter are spring loaded. The 

provides 16.1 Newtons of force [frle 

of force per inch of length) from 3.0 7 cm (1.21 iich ) ^ , 

iLcth^ tb 4.32 mm (0 . 17 inches) ; the target compressive load, 

26 7 Newtons f6 lbs) is applied when the spring is compressed to 

V.il C^crse incLs). rll spring 

(0.048 inch) type 18-8 stainless steel wire. Other character 
istics of this spring are as follows: 


Mean Coil Diameter 
Number of Active Coils 
Total Number of Coils 


= 1.45 cm (0.57 in) 
= 3-1/2 
= 5 - 1/2 


5.3 Activated Charcoal and Ion Exchange Resin Canister 

Figure 12 illustrates the design of the activated charcoal 
and ioi'erchange resin canister. This ^^fJ/^^JJ^f.^^di^aJ- 

activated charcoal and ion exchange resins. on 

coals are used to adsorb the organic contaminants. The ion 
excilngrrfslL'are used.to absLb the chlorides an^ 
ly minimize the -common ion effect” and thereby 
solubility of AgCl. The activated charcoal ^®d -ls compose a o 
riixture^o? lots cm3 (64.8 f .^e^tyaco *s ^ 

708 cm3 (43.2 in3) of Union Carbide's Columbia LCJ. The ion 
exchange bed is composed of a mixture 5 ^ 482 cm3 (29.3 in ) 
Amberlite IR-120. 359 cm3 ( 21.9 m^) of Amberlite IRA 402, and 
239 cm3 ( 14.6 in3) of Amberlite IR-45. 

5.4 Silver Chloride Canister 

Figure 13 illustrates the design of the silver chloride 
/>nnic;ter The cartridge concept was developed to facilitate 

pJepa^ltion and washing of the AgCl bed. f 
13 all of the influent passes through the jaTtridge^ The 
cartridge contains 312 grams (dry) of the AgCl glass beaamixru 
The diaLter of the AgCl contents is 3.49 cm (1.374 inches) and 
the effective length is 13.97 cm (5.50 inches). 

5.5 Deionizer 

Figure 14 illustrates the design of the deionizer. Mechan- 
ically this component remains the same as developed 

tract NAS 9-12104. The contents of the deionizer were up- 
graLd and established during the Testing (Sect^ 

and during the Breadboard Tests (Section 4). The deionizer 
cbntSins Imixed bed of ion exchange resins composed f ^200 cm3 
H 2 1 in3? of ^berlite IR-120, 150 cm3 ( 9 .I in^) of Amberlite 
IRA-402, and 100 cm3 (6.1 in3) of Amberlite IR-45. e e 
tive diameter of the bed is 4.2 cm (1.652 inches) and the effec- 
tive length is 32.5 cm (12.8 inches). 
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Figure 12 ACTIVATED CHARCOAL 8 ION EXCHANGE RESIN CANISTER 









5 . 6 Silver Bromide Canister 

I'icure 15 illustrates the design of the silver bromide 
canister. This component was upgraded by the inclusio <■ 

cartridge. The cartridge “"f by- 

pass so™e%"a^e? pashng through th= canister to ebtatn n^srlver 

dose of approximately 0.050 ppm 50% 

inaicated bv Figure 15, the cartridge design allows up to su. 

bypass of deionizer effluent flow. To achieve ^ 

ApRr contents in the canister was decreased to approximately 
45% oHJaf employed in the Breadboard Testing and under 

Contract NAS 9-12104. The AgBr cartridge contains 148 

rdry”) of AgBr-glass bead mixture. The diameter of , . 

co«L?f is 2.75 cm (1.084 inches) and the effective length is 

13.8 cm (5.44 inches) . 

5 , 7 The Preliminary Flight Prot otype Assembly, 

Figure 16 shows the Preliminary Flight Prototype that was 

developed under this program. As 
system is an assembly of canisters. The 

includes mock-ups representing three ^ ilve? ion 

meter and its signal conditioning system delta-pressure 

??ansdScer"aL^iirsignal"con^ wiighf ajrceJtl^^Sf 

fravU?j%frfi?i?Leffor'thJ'™ck-Sis rejresenting pH 

S £ 

wfre emp?orea f=t the system delta-pressure transducer mock-up. 

stresses as well as its own pressure loading, but its loa g 
from other components is minimal. 

All metal-to-metal joining was accomplished heli-arc 

r full? ‘stresi -relieved condition to maximize corrosion resis- 
tance!^ Afttt heat treatment the assembly was passivated. 

5. 8 Interface Requirements 

The interface requirements for the Preliminary Flight 
Prototype are as follows: 


ox- 






1 


1 . •..■eight CiKickca anu v.V'-.; - ^ J ) 

2. Diinousions - c;;: ^24-./o x.ij -u.J on 

Cll-3/4 in) X 17.0 ciii C/ 

.'i. I’our ius tenors - To Be OotermineJ 

1. "Delta Pressure Transducer ■ To Be Determined 

2. pn Sensor - To Be Determined 

3. ;\g'^ Sensor - To Bo Determined 

^.^^^4inimum Temperature 277®K (40^^) 

2. Maxi:uu'ii\ Temperature 303®K (b60p) 

D. Hydraulic 

1. Four flexible metal hose connecoors 
(Svagelock P/N 600-6FII (3/S S) - 3r6 SS) 

2. Four Quick- Connects with double enashut-o±x 
(Swagelock P/N 600-QC-6 DESO - 31B SS) 

The Preliminary Flight Prototype ^^it is^ to be^ installed 
i-' o the -Dotable water system downstream o± v.ne fuel ceils. 

Tit iJio/pL-tlo„ of tho'pFf (i.o.. .he biological falter the 
activated charcoal and ion exhange resin canister, ana unc siivei 
chii^idtcSlater) is to be installed upstream of the potable 
xrntc^r ^^ora^rQ ^^nks' whereas, the outlet portion o£ the PFi 
i c Se dh obiter aSd ?he silver bromide canister) is to be 
Lhhled downstream of the potable water storage tanks and just 
upstrLm of the heater and chiller at the draw off station. 

A heat exchanger may be required to cool the ^^^^ure 

water The •’nfluent fuel cell water should be at a temperature, 
(?S'-%SOF). If the fuel col i at 

produfArte^i%Ul\rZs:r,)rth tf of^I IvL ion 

and not be within the silver ion concentration required for 
potability (0.05 ppm maximum). 

-^to mce of a flight system is requi?;ed on two levels; 

d) on the ground, to permit refurbishment of j 

2, + nrw^ in the vehicle, to provide reliable and 

sufo h)drailicfnd LkLical connections . Flexible metal hoses 
and Quick-Connects with double end shut oif weie d .. 

make the connectio.is and to minimize turn-around 
cation of Quick -Connect 2-. also tmits _ in- flight maintanuc t^^ 
increase reliability or to extend mission capability wich spare 
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P Pul I MIX ARY i . I'l: 


Pl-P Tc-st. ,0. 1 


A sevon-day siraulatcd uiss' -n test was performed with the 
Preliminary Pliaht Prototype the pcri^^^^ 

27 to December 3, 1972. The objective ox ^ne test w^s to 
establish a performance baseline. 


6 . 1.1 


Column Prenarati.ons 


After passivation the PPP assembly was washed, rinsed, 
and pro-oared in accordance with procedures previously uevoloped 
ana used in the two btondboand to.ts ^cwly ^osisncd 

biological filter canister contains 

tion’s Ultipor AB Filter Car.tridge, Model ABIAkSA whicn has 
filter media with a 0.20 micron absolute particle retention, 
plus 1^.6 grams (dry) of AgCl-glass bead mixcurc. 

The activated charcoal canister was P^'^'f^V'^^th a mix^ 
of activated charcoals (1063 emo of Westvaco's Xuenar 
70S cm3 of Union Carbide’s Columbia LCJ) plus ^ mixed 
exchange resins (4S2 cm3 of Amberlite IR-120, o59 cma oi Amocixiew 

iRtloM and 239 hn3 of Ar.-,borlite ^ ^ fAsTdryJ 

for the \'>C1 canister was packed with ol- grams l,aryj 

of AgCl-glass bead mixture. The deionizer was 

mixed bed of ion exchange resins (200 cm^ of Amberlite > 

150 cm3 of Amberlite IRA-402 , and 100 cm3 of Amberli e 

The newly designed by-pass cartridge for the AgBr canister was 

packed with 148 grams (dry) of AgBr-glass bead mixture. 

The nacked PFP assembly was r.terilized at 344 - 347°K (160 
- 1650F) for 24 hours with 35 ml/min deionizea water 
The steklization cycle was performea in a aeionized water bath. 

6.1.2 Test Set-Ut) and Procedu re 

Fi<^ure 17 shows the arrangement of components used 
in the PFP test. The components that define the water treating 
system ikthf ^der of their use. are as follows: (1 

filter, (2) activated charcoal tilter, (3) silver chloii e 
umn, (4) deionizer, and (5) silver bromide column. 

The PFP system processed "worst case" fuel cell water at 
ambiert temperkurcs, 294 - 2970K (70 -.7fP). 

..eruainosa and Type Ilia bacteria were injected ^hiougn the 
;ontSms ~t the wrter heater and chiller outlets. Half of the 
‘ ...v-off water p..ascd through the heater maintaining enc water at 
530 - 336<=X (135 - 14.50F) and the otncr.halx ox . 

v.’a.v • ■■••issed through ...e chiller ma'.n taming cne wacui at 

- 43'^'.',;. One •..illilitcr saa .-ens ^or.s. con »..> mi . ^0 
lOa/or i:/‘ bacteria/ml were injectea at aotn not ana aOxu Wu^a 
outlet valves. 
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6.1.3 Tcs • .vOi=iults S Discussion 


Tabic 6 lists the daily water quality characteristics 
of the PFP when processing "worst case" fuel ceil water siinu an . 
The tabulated "key" characteristics indicate chat the 
performed satisfactorily and according 

quality was excellent and within all specificai.ions . ^ 

ion doL was below 0.05 ppm (0 . 0 IS- 0 . 0 5 ppm Ag+) and the bypass 
was operating. The silver ion concentration was lo.>fer tnan 
oJigiSSK; «iibrated Cca 0.047 ppm Ag.) ; appears th« 

of the 0-ring plugs moved during subsequent handling and had 
changed the bypass flow. 

Table 7 lists the daily doses of bacteria injected and plate 
counts ofsLples of hot and cold water at the outlet valves. 

The tabulated^ data show that 0.018-0.03 ppm Ag’ 4°?® 
bactericidal activity against the infusion of 104 pseu<.oa 9 n | i 
aeruginosa and/or Type Ilia at both the hot and cold water out 

lets . 


6.2 Vibration Testing 

The PFP unit, packed and sterilized, was secured to a 
vibration test fixture. The assembly was then subjected to the 
random vibration, specified in Section 1.^ at the Jest- 

ing Laboratories, Inc., Morton Grove, Illinois; see the Appen 
dix C ITL Test Report No. 3412-2. 

6.2.1 External Examination and Test 

A cursory visual examination at Inland Testing Lab 
nvirnrie>s revealed no evidence of physical damage after vibra- 
?ion! “etalloS iL^oction and tests by CHEMTRIC after vibration, 
Jw^erTrotelled that the 3.18 nun (1/8 inch) OD tubing used to 
connect the mocked-up delta P transducer had cracked. Since 
this was on a mock-up and did not the sterility 

system, the crack was silver soldered and the SMT initiated, w 
other evidence of physical damage was apparent. 

6.2.2 Flow Resistance of Packed PF P Assembly - Hydraulj x 

Tes tin.g 

The operating pressure drop characteristics of the 
PFP units inlet and outlet sides were determined three times; 
namely, previbration, postvibration, and post SMT. Figures 18 
and 19 present the results of the three tests. 

The previbration data was collected on the refurbished unit 
to establish a baseline for subsequent comparisons. ; ressure 
drop mc.isuremcnts after vibration show a aecrease in 
tance on the inlet side of the PFP (see Figure . No fines were 
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Table 6 PFP T EST No.l WATER QUALITY CHAR AC TERISTIC S 


Test 

Day 

No. 

Sample 

Water 

1 

Simul ant 
Stored 4th* 
Stored 21st* 
Product 

2 

Simulant 
Stored 4th* 
Stored 21st* 
Product 

3 

Simulant 
Stored 4th* 
Stored 21st* 
Product 

4 

Simulant 
Stored 4th* 
Stored 21st* 
Product 

5 

Simulant 
Stored 4th* 
Stored 21st* 
Product 


* Denotes Hour 



Spec. 

Tur- 


Re s i s . 

bidity 

Eli 

fKahm-cm) 

fJTU's) 

7.5 

22 <0 

15.0 

7.3 

320.0 

0.07 

7.3 

390.0 

0.05 

7.3 

810.0 

0.03 

6.4 

23.5 

14.5 

7.5 

285.0 

0.04 

7.4 

305.0 

0.07 

7.3 

780.0 

0.04 

6.3 

24.0 

14.5 

7.4 

290.0 

0.10 

7.4 

310.0 

0.08 

7.3 

710.0 

0.04 

6.4 

24.0 

14.0 

7.4 

270.0 

0.11 

7.4 

300.0 

0.14 

7.3 

680.0 

0.05 

6.4 

24.5 

14.5 

7.5 

210.0 

0.08 

7.4 

300.0 

0.05 

7.2 

580.0 

0.04 


Acidi- 


COD 

Cl’ 

ty^ 

Cpr-nQ 

lEEUll 


140 

8.1 

<1.0 

20 

<1.0 

<1.0 

10 

<1.0 

<1.0 

<5 

<1.0 

<1.0 

140 

8.1 

2.0 

20 

<1.0 

1.0 

10 

<1.0 

<1.0 

<5 

<1.0 

1.0 

140 

8.1 

2.0 

20 

<1.0 

1.0 

10 

<1.0 

<1.0 

<5 

<1.0 

1.0 

140 

8.1 

2.0 

20 

<1.0 

<1.0 

10 

<1.0 

<1.0 

<5 

<1.0 

1.0 

140 

8.1 

2.0 

20 

<1.0 

1.0 

10 

<1.0 

<1.0 

<5 

<1.0 

1.5 


Alka- 


linity 

TS 

Ag+ 

(ppml_ 

(E32511 

_ IP-ml 

16.0 

122 

<0.01 

<1.0 

6 

0.96 

<1.0 

7 

1.18 

1.0 

4 

0.024 

6.0 

111 

<0.01 

,2.0 

8 

1.20 

<1.0 

14 

1.20 

1.0 

3 

0.020 

6.0 

85 

<0.01 

<1.0 

6 

1.08 

<1.0 

5 

1.16 

<1.0 

2 

0.024 

8.0 

80 

<0.01 

<1.0 

5 

1.20 

<1.0 

9 

1.04 

<1.0 

1 

0.030 

4.0 

68 

<0.01 

<1.0 

3 

1.20 

<1.0 

4 

1.16 

<1.0 

6 

0.026 




Table 6 Concluded 


m 


Test 

Day 

No. 


Sample 

ater 

Eli 

Spec. 
Resis . 
(Kohm-cm) 

Tur- 

bidity 

fJTU’s 

Simin ant 

6.4 

24.5 

14.0 

Stored 4th* 

7.3 

240.0 

0.14 

Stored 21st* 

7.3 

310.0 

0.10 

Product 

7.2 

530.0 

0.07 

Simulant 

6.4 

25.0 

14.5 

Stored 4th* 

7.2 

210.0 

0.11 

Stored 21st* 

7,2 

300.0 

0.08 

Product 

7.2 

410.0 

0.07 


O' 

t 


H 


* Denotes Hour 


33 


n 


nr: 




Acidi- 


COD 

Cl ” 

ty . 

IPEHlI 

fppm ) 

fppm) 

140 

8.1 

2.0 

20 

1.0 

1.5 

10 

< 1.0 

< 1.0 

<5 

< 1.0 

1.5 

140 

8.1 

3.0 

20 

< 1.0 

1.5 

10 

< 1.0 

< 1.0 

5 

< 1.0 

1.5 


Alka- 

linity TS Ag+ 
fppnO fppm) Iml 


6.0 

114 

< 0.01 

1.0 

29 

1.22 

< 1.0 

18 

1.18 

< 1.0 

5 

0.022 

4.0 

109 

< 0.01 

< 1.0 

11 

1.18 

< 1.0 

7 

1.14 

1.0 

4 

0.018 





•n 


Table 7 SU>C>1ARY OF BACTERIOLOGIC ANALYSES 


1 

Tesl: 
Day i 

hot Water 
Outlet 

Cold Viator 
Outlet 

Stored W 

m 

1 

10^ 

10^ 

Sterile 



P. aeruginosa 

P. aeruginosa 



2 

10^ 

10^ 

Sterile 

VI 


P. aeruginosa 

P. aeruginosa 



^ 3 

10^ 

10^ 

Sterile 


1 

P. aeruginosa 

P. aeruginosa 


H 

4 

0 

( 

1 

0 

Sterile 

1 


5 

10^ Type Ilia 

10^ Type Ilia 

1 

Sterile 

D 

6 

10^ Type Ilia 

10^ Type Ilia 

Sterile 


7 

10^ Type Ilia 

10^ Type Ilia 

Sterile 


n 


* O.V. = Outlet Valve 



FOR PFP TEST No.l 
Sample Points 


Hot O.V.* Cold O.V. 


Hr. 

Count 

Hr. 

Count 

22 

<l/200ml 

23 

<l/200ml 

23 

<l/200ml 

24 

<l/200ml 

22 

<l/200ml 

23 

<j /200ml 

23 

<l/200ml 

24 

<l/200ml 

22 

<l/200ml 

23 

<l/200ml 

23 

<l/200ml 

24 

<l/200ml 

22 

<l/200ml 

23 

<l/200ml 

23 

<l/200ml 

24 

<l/200ml 

22 

<l/200ml 

23 

<l/200ml 

23 

<l/200ml 

24 

<l/200ml 

22 

<l/200ml 

23 

<l/200ml 

23 

<l/200ml 

24 

<l/200ml 

22 

<l/200ml 

23 

<l/200ml 

23 

<l/200ml 

:4 

<l/200ml 


' ft teMiafiirr.Miiigi 






observed in the effluent during the postvibration hydraulic 
tests. It is surmised that the random vibrations dislodged AgCl 
fines within the AgCl column in the biological filter canister 
and this decreased the flow resistance. It appears that these 
fines were filtered-out in the Pyrex wools or the bods oi acti- 
vated charcoals and ion exchange resins within the activated char- 
coal/ion exchange resin canister, but their presence in this can- 
ister did not significantly affect pressure drop because the 
cross sectional area for flow is twelve (12) times larger in the 
activated charcoal/ion exchange canister than in the AgCl column 
within the biological filter canister. 

Following the 18-day SMT, the third set of operating pres- 
sure drop data was collected. Figure 18 shows an increase in 
flow resistance on the inlet side of the PFP. The increase was 
expected and was a result of the accumulation of particulates on 
the biological filter during the 18-day test period. 

Pressure drop measurements on the outlet side of the PFP, 
Figure 19, show no significant changes in hydraulic character- 
istics after vibration and after 18 test days. 

6.3 PFP Test No. 2 

An eighteen-day simulated mission test was performed with 
the Preliminary Flight Prototype System during the period Decem- 
ber 11, 1972 to January 5, 1973. The objectives of the test were 
to determine useful life of the system and to demonstrate that _ 
the system suffered no biochemical degradation due to random vi- 
bration testing. 

6.3.1 Refurbishment of the PFP 

After completion of PFP Test No. 1, the PFP canis- 
ters were unloaded and the system w'as cleaned by washing in di 
lute Alconox, multiple deionized water rinsings, and air drying. 
The canisters were then repacked with similar ingredients and 
procedures as those used in PFP Test No. 1. 

A new biological filter was installed. The activated char- 
coal canister was again packed with a mixed bed of activated 
charcoals, (1063 cm3 of Westvaco’s Nuchar WV-G and 708 cm of 
Union Carbides Columbia LCJ) plus a mixed bed of ion exchange 
resins (482 cm^ of Amberlite IR-120, 359 cm3 of Amberlite IRA- 
402. and 239 cm3 of Amberlite IR-45) . Both silver halide car- 
tridges were repacked with "fresh" silver salts. The deionizer 
was packed with a mixed bed of ion exchang resins (200 c..» ot 
Amberlite IR-120, 150 cm3 of Amberlite IRA-402 and 100 cm of 

Amberlite IR-45). 



Pressure Drop, nim Hg 
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Figure 19 FLOW RESISTANCE FROM STORAGE TO OUTLET SIDE OF PFP 



<•* • 


T,TC packed assembly was then sterilized in a 344 -_347°K 
(160 - 1650F) water bath for 24 hours with 35 ml/min deionized 

water flushing. 


6.3.2 Test Set' 

This tes' 
in PFP Test No. 1 (s. 
case" fuel cell wate: 
aeruginosa . Type III 
three possible point 
and (3) charcoal ini 
rates were the same 
pling procedures, te 


-Up and Procedure 

t was performed with the same equipment used 
ee Figure 17). The system processed worst 
r at ambient temperatures. Pseudomonas 
a and Bacillus s ubtilis were injected into _ 
s of entiyl (1) simulant, (2) storage tanks 
et. All simulant and product water flow 
as those used in the first PFP test. Sam- 
chnique and time also remained the same. 


6.3. Test Results S Discussions, 

Table 8 lists the daily water quality characteris ^ 

tics of the PFP when processing "worst ^J^Lat^the^^”'" 

ulant The tabulated "key" characteristics indicate that the 

sys?em pi rf earned satisfactorily. The water 

iLt and within all potability specifications for 13 day., to 
day 14 the pH dropped below the 6.0 requirement. At least 95% 
orgaSics wS?e removed during the “f p^pp 

were still being removed alter 18 days. As in the txr t 
test, the silve? bromide bypass cartridge dosed the deionizd ef 
fluent with silver ions below the 0.05 ppm level. 

The PFP Bactericide System exhibited 
tion due to the random vibration testing. Tabulated analyses oi 
rtU no significant change to that observed in the 

first PFP test. 

Table 9 lists the daily doses of bacteria injected j^d the 
plate counts on various sample points, to test ’ exclud- 

Shel the simulant was contaminated, the ^ 

Td the bacteria from the system. On test days 2, 3, 5 and 6, 

when Pseudomonas aeruginosa and filter^ the 

duced into the system downstream of the biological tiite , 
tXlated results indicated that both the stored and Product 
water were sterile (i.e., < ^•/200 ml) . ihe silver ion J 
1 ppm) was bactericidal against the infusion of 3 . 1 x i- 
LeLomonas aeruginosa and/or Type Ilia ir. 4 hours or less. 

On the basis of test day 8. the results indicate a three log 
reduction of Bacillus subtilis in 24 hours; i.e.^ f^om - -.1 ^ 

10^ Dcr 6.3 liters or 10^ • ^/lal to 1/100 ml or 10 ^/mi. Ic ^ 
den t^ the Bacillus sub tilis injected into the activated charco 
bed on test day 9 were ±iltered-ou: by the charcoal or the ion 
exchange bed or AgCl-glass bead bed ^‘^’'^^^tream and were 
quently killed off because no bactaria were detected in th.r 


6-10 
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Table 8 




V 


z 

D 



y 


Test 

Day 

Sample 

pH 

No. 

Water 

1 

Simulant 

7.3 


Stored 4th* 

7.2 


Stored 21st* 

7.2 


Product 

7.1 

2 

Simulant 

6.9 


Stored 4th* 

7.1 


Stored 21st* 

7.1 


Product 

7.1 

3 

Simulant 

7.2 


Stored 4th* 

7.2 


Stored 21st* 

7.1 


Product 

7.1 

4 

Simulant 

7.3 


Stored 4th* 

6.9 


Stored 21st* 

7.0 


Product 

7.1 

c 

Simul ant 

6.8 


Stored 4th* 

6.9 


Stored 21st* 

6.9 


Product 

7.0 


I 


( 


PFP TEST 


Spec. 
Resis . 
fKohTn-cm) 

24.0 
370.0 

370.0 

760.0 

25.0 

350.0 

360.0 

740.0 

24.5 

350.0 

350.0 

720.0 

24.0 

330.0 

340.0 

650.0 

24.5 

340.0 

340.0 

560.0 


Q * Denotes Hour 


o 



No. 2 WATER QUALITY CHARACTERISTICS 


Tur- 



Acidi- 

Alka- 

bidity 

fJTU’s) 

COD 

(PP>»1 

Cl" 

(PP^^) 

ty 

(PPgl 

linity 

(ppm) 

14.5 

140 

8.1 

2.0 

8.0 

0.34 

20 

<1.0 

<1.0 

<1.0 

0.10 

5 

<1.0 

<1.0 

<1.0 

0.11 

<5 

<1.0 

<1.0 

<1.0 

14.0 

140 

8.1 

2.0 

8.0 

0.36 

10 

<1.0 

<1.0 

<1.0 

0.10 

5 

<1.0 

<1.0 

<1.0 

0.06 

<5 

<1.0 

<1.0 

<1.0 

13.5 

140 

8.1 

2.0 

6.0 

0.14 

10 

<1.0 

<1.0 

<1.0 

0.07 

5 

<1.0 

<1.0 

<1.0 

0.06 

<5 

<1.0 

<1.0 

<1.0 

14.0 

140 

8.1 

2.0 

8.0 

0.14 

4 

<1.0 

<1.0 

<1.0 

0.04 

5 

<1.0 

<1.0 

<1.0 

0.04 

<5 

<1.0 

1.0 

<1.0 

13.5 

140 

8.1 

3.0 

6.0 

0.14 

5 

<1.0 

<1.0 

<1.0 

0.05 

5 

<1.0 

<1.0 

<1.0 

0.04 

<5 

<1.0 

1.0 

<1.0 


1 ^iiiMirNrnriafMa — 


n 



TS 

Ag+ 

lEPIili 

(ppm) 

70 

<0.010 

1 

1.16 

1 

1.20 

1 

0.042 

81 

<0.010 

26 

1.24 

1 

1.22 

1 

0.040 

40 

<0.010 

1 

1.18 

1 

1.18 

1 

0.040 

57 

<0.010 

14 

1.20 

1 

1.16 

1 

0.042 

45 

<0.010 

1 

1.10 

1 

1.16 

1 

0.044 


o 







Table 8 Continued 



Test 



Spec. 

Tur- 


• 

-T* 

Lay 

Sample 


Resis . 

bidity 

COD 

I 

No. 

Water 

pH 

fKohm-cm) 

(JTU’s) (ppm) 


6 

Simulant 

7.1 

25.0 

14.5 

140 



Stored 4th* 

6.8 

320.0 

0.09 

5 



Stored 21st* 

6.8 

330.0 

0.09 

5 

m 


Product 

7.0 

480.0 

0.04 

<5 


7 

Si mu’ ant 

7.2 

24.0 

14.5 

140 



Stored 4th* 

6.8 

320.0 

0.08 

10 



Stored 21st* 

6.8 

290.0 

0.18 

5 

s 


Product 

7.0 

380.0 

0.03 

5 


o. 8 

Simulant 

7.3 

24.0 

14.0 

140 


1 

Stored 4th* 

6.8 

290.0 

0.41 

10 


ro 

Stored 21st* 

6.8 

270.0 

0.17 

5 

H 


Product 

7.0 

330.0 

0.09 

5 


9 

Simulant 

7.3 

24.0 

15.0 

140 



Stored 4th* 

6.8 

190.0 

0.39 

20 



Stored 21st* 

6.9 

160.0 

0.14 

10 

U 


Product 

7.0 

210.0 

0.07 

10 


10 

Simulant 

7.3 

24.0 

14.5 

140 



Stored 4th* 

6.5 

IIC.O 

0.45 

20 



Stored 21st* 

6.6 

120.0 

0.16 

20 

— 


Product 

6.9 

140.0 

0.06 

20 


* Denotes Hour 


'i 



Acidi- 

Alka- 



Cl' 

ty 

linity 

TS 

Ag+ 

(PPIUl 

(ppm) 

(ppm) 

(PP”>) 

(ppm) 

8.1 

2.0 

8.0 

69 

<0.010 

<1.0 

<1.0 

<1.0 

5 

1.16 

<1.0 

<1.0 

<1.0 

4 

1.24 

<1.0 

1.5 

1.0 

3 

0.040 

8.1 

2.0 

8.0 

55 

<0.010 

<1.0 

<1.0 

<1.0 

9 

1.20 

<1.0 

1.0 

<1.0 

7 

1.22 

<1.0 

1.5 

<1.0 

9 

0.040 

8.1 

2.0 

8.0 

53 

<0.010 

1.5 

1.0 

<1.0 

1 

1.10 

1.0 

1.5 

1.0 

1 

1.16 

<1.0 

1.5 

1.0 

1 

0.042 

8.1 

2.0 

8.0 

46 

<0.010 

2.0 

2.5 

<1.0 

44 

1.06 

1.5 

2.0 

1.0 

1 

1.06 

<1.0 

3.0 

1.5 

1 

0.044 

8.1 

2.0 

8.0 

100 

<0.010 

2.0 

2.0 

<1.0 

30 

1.08 

1.5 

2.0 

1.0 

7 

1.02 

<1.0 

3.0 

1.5 

5 

0.044 







Table 

8 Continued 








i I 

Test 

Day 

No. 

Sample 

Water 

pH 

Spec. 
Res is . 
fKohm-cm;) 

Tur- 

bidity 

fJTU’s) 

COD 

(ppm) 

Cl’ 

(ppm) 

Acidi- 

ty 

Xppmi 

Alka- 

linity 

(ppm) 

m. 

11 

Simulant 
Stored 4th* 
Stored 21st* 
Product 

6.9 

6.6 

6.9 

6.9 

24.5 

110.0 

150.0 

150.0 

14.0 

0.35 

0.10 

0.10 

140 

10 

10 

10 

8.1 

2.0 

1.0 

1.0 

2.0 

2.0 

3.0 

3.0 

6.0 

1.0 

1.5 

1.5 

i i 

12 

Simulant 
Stored 4th* 
Stored 21st* 
Product 

6.8 

6.6 

6.4 

6.6 

25.5 

110.0 

130.0 

120.0 

14.5 

0.38 

0.16 

0.10 

140 

10 

10 

10 

8.1 

2.5 

1.5 
1.0 

2.0 

2.0 

2.0 

3.0 

6.0 

1.0 

1.0 

1.5 

I 

1 

H 

13 

0 

1 

09 

Simulant 
Stored 4:h* 
Stored 21st* 
Product 

6.8 

5.6 

5.6 

6.1 

24.5 

140.0 

160 . 0 
185.0 

14.5 

0.37 

0.14 

0.10 

140 

10 

10 

10 

8.1 

1.0 

1.0 

<1.0 

2.0 

6.0 

6.0 

3.0 

6.0 

<1.0 

<1.0 

<1.0 


14 

Simulant 
Stored 4th* 
Stored 21st* 
Product 

6.8 

5.7 
5.6 

5.8 

24.5 

115.0 

115.0 

240.0 

15.0 

G.26 

0.12 

0.09 

140 
20 
15 . 
15 

8.1 

1.5 

1.5 

1.0 

3.0 

6.0 
6.0 
3.0 

6.0 

<1.0 

<1.0 

<1.0 


15 

Simulant 
Stored 4th* 
Stored 2l5t* 
Product 

6.9 

5.7 

5.4 

5.6 

24.0 

74.0 
74.0 

240.0 

14.5 

0.11 

0.08 

0.04 

140 

20 

15 

15 

8.1 

1.5 

1.5 

1.0 

2.0 

7.0 

7.0 

3.5 

8.0 

<1.0 

<1.0 

<1.0 


* Denotes Hour 

Q 


TS 

Ag+ 

(ppm). 

(ppm) 

58 

<0.010 

2 

1.06 

1 

1.04 

1 

0.040 

69 

<0.010 

30 

1.04 

33 

0.98 

26 

0.038 

81 

<0.010 

28 

0.86 

22 

0.85 

18 

0.040 

64 

<0.010 

24 

0.83 

21 

0.84 

14 

0.040 

68 

<0.010 

26 

0.74 

26 

0.76 

17 

0.042 



V 





Table 8 Concluded 


I 

Test 

Day Sample 

I X No. Water £H 

16 Simulant 6.6 

Stored 4th* 5.1 

Stored 21st* 4.5 

m Product 5 . 4 


17 



Simulant 

6.5 

Stored 4th* 

4.1 

Stored 21st* 

3.9 

Product 

5.2 

Simulant 

6.5 

Stored 4 th* 

3. 8 

Stored 21st* 

3.8 

Product 

4.9 


Spec. 

Tur- 

COD 

Resis . 

bidity 

f Kohm- cm) 

fJTU’s) 

fppm) 

24.5 

15.0 

140 

72.0 

0.17 

20 

29.0 

0.08 

15 

230.0 

0.05 

15 

25.0 

14.0 

140 

21.0 

0.28 

20 

18.5 

0.26 

15 

160.0 

0.14 

15 

25.0 

14.5 

140 

15.0 

0.18 

20 

■ 14.0 

0.15 

15 

120.0 

0.07 

15 


* Denotes Hour 

33 





G 



Acidi- 

Alka- 



Cl" 

ty 

linity 

TS 

Ag+ 

(Ppnt-I 

Cppm) 

Cpp">)_ 

(ppm) (PPmj 

8.1 

2.0 

7.0 

84 

<0.010 

1.5 

7.0 

<1.0 

16 

0.68 

2.0 

9.0 

<1.0 

12 

0.65 

1.0 

3.5 

<1.0 

1 

0.042 

8.1 

2.0 

6.0 

51 

<0.010 

2.0 

12.0 

<1.0 

10 

0.46 

2.0 

14.0 

<1.0 

12 

0.42 

1.0 

4.0 

<1.0 

4 

0.038 

8.1 

2.0 

6.0 

72 

<0.010 

2.5 

16.0 

<1.0 

10 

0.28 

2.5 

16.0 

<1.0 

11 

0.26 

1.5 

7.0 

<1.0 

2 

0.034 
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Table 9 SUMMARY OF BACTERIOLOGIC ANALYSES FOR PFP TEST No.2_ 


i: 


m 


33 


0 


Day 


cn 


8 


Dose (11 
Injection 

Number 8 
Specie 

Simulantr21 

k./ X. W A. ^ 

Stored Water 

Hot O.V.f31 

Cold O.V. 

X CIA. Ji C 


Hi 

Count 

Hr 

Count 

Hr 

Lounr 

Simulant 

3±lxl0^ 

P.a. 

3± 1x10^ /ml 

4 

21 

<1/20 0ml 
<l/200ml 

22 

23 

<l/200ml 

<l/200ml 

23 

24 

<l/200ml 

<l/200ml 

Storage 

Tanks 

3±lxl0^ 

P.a. 

<l/200ml 

4 

21 

<1/2 00ml 
<l/200ml 

22 

23 

<1/2 00ml 
<1/ 200ml 

23 

24 

<l/200ml 

<l/200ml 

Charcoal 

Inlet 

3±lxl0® 

P.a. 

<l/200ml 

4 

21 

<l/200ml 

<l/200ml 

22 

23 

<l/200ml 

<l/200ml 

23 

24 

<l/200ml 

<l/200ml 

Simulant 

3tlxl0^ 

Ilia 

3±lxl0^/ml 

4 

21 

<l/200ml 

<l/200ml 

22 

23 

<l/200ml 

<l/200ml 

23 

24 

<1/2 00ml 
<l/200ml 

Storage 

Tanks 

3±lxl0^ 

Ilia 

7/lOOml 

4 

21 

<l/200ml 

<l/200ml 

22 

23 

<1/ 200ml 
<1/ 200ml 

23 

24 

<l/200ml 

<l/200ml 

Charcoal 

Inlet 

3±lxl0® 

Ilia 

3/ 100ml 

4 

21 

<l/200ml 

<l/200ml 

22 

23 

<l/200ml 
<1/ 200ml 

23 

24 

<1/ 200ml 
<l/200ml 

Simulant 

3±1x105 

B.£. 

3±lxi0^/ml 

4 

21 

<l/200ml 

<l/200ml 

23 

23 

<l/200ml 

<l/200ml 

23 

24 

<l/200ml 
<1/ 200ml 

Storage 

Tanks 

3±lxl0^ 

B.£. 

<l/200ml 

4 

21 

6/lOOml 

2/lOOml 

22 

23 

2/lOOml 

<l/200ml 

23 

24 

4/lOOml 

1/lOOml 

Charcoal 

Inlet 

3±1x105 

B.s . 

<l/200ml 

4 

21 

<l/200ml 

<l/200ml 

22 

23 

3/lOOml 
<1/20 0ml 

23 

24 

2/lOOml 

12/lOOml 


(1) All doses injected during start up, 1st hour. 

(2) A11 simulant samples taken during 24th hour. 

(3) Outlet Valve 
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-n 


m 


> Z 

li 


Table 9 Concluded 


ov 

I 


3 


n 


(1) All Doses injected during start up, 1st hour 

(2) All simulant samples taken during 24th hour. 

(3) Outlet Valve 


Test 

IVav 

Dose ri'i 
Injection 
Point 

Number 6 
Species 

Simulant (2) 

Stored Vfater 

Hot O.V. C3) 

Cold O.V. 

T T r* 

lid/ 

10 

Simulant 

3±lxl0^ 

B • s • 

3±lxl0^/ml 

Hr 

4 

21 

Count 

<1/ 200ml 
<l/200ml 

Hr 

22 

23 

Lounc 

<l/200ml 

l/200ml 

nr 

23 

24 

LiUUU u 

4/lOOml 

16/lOOml 

11 

None 


Sterile 

4 

21 

Sterile 

Sterile 

22 

23 

Sterile 

Sterile 

23 * 

24 

Sterile 

Sterile 

12 

None 

/ 

Sterile 

4 

Sterile 

22 

Sterile 

23 

Sterile 


21 

Sterile 

23 

Sterile 

24 

Sterile 

13 

None 


j 

Sterile 

4 

Sterile 

22 

Sterile 

23 

Sterile 


21 

Sterile 

23 

Sterile 

24 

Sterile 

14 

None 


Sterile 

4 

Sterile 

22 

Sterile 

23 

Sterile 


21 

Sterile 

23 

Sterile 

24 

Sterile 

15 . 

None 


Steri le 

4 

Sterile 

22 

Sterile 

23 

Sterile 


21 

Sterile 

23 

Sterile 

24 

Sterile 

16 

None 


Sterile 

4 

Sterile 

22 

Sterile 

23 

Sterile 


21 

Sterile 

23 

Sterile 

24 

Sterile 

17 

None 


Sterile 

4 

Sterile 

7,2 

Sterile 

23 

Sterile 


21 

Sterile 

23 

Sterile 

24 

Sterile 

18 

None 


Sterile 

4 

Sterile 

22 

Sterile 

23 

Sterile 

1 

21 

Sterile 

23 

Sterile 

24 

Sterile 





stored water on days 9 to 18 inclusive. On test 

Bacillus subtilis injected into the simulant were exclude y 

the biological filter. 

Bacteria present in the system on test Jays 8.9 and 10 were 
Bacillus subtilis from the injection on day 8 into + . 

tanks Three days were required for the system to cleanse , 

self of Bacillus^subtilis with the combination of dilution, flush 
ing,and a 0.05U ppm silver ion dose. 

On days 11 - 18, no injections were made but sterility de- 
terminations were performed on all samples r^SOP) 

thi noivcolate broth. The tubes were incubated at 308 a. iyi> 
and inspected at 24 and 48 hours for turbidity. All samples 
were determined to be sterile indicating that the system "cleaned 
itself on day 11. 

On days 10, ll*and 12, a special sample was taken directly 
at the heater outlet connection. This water had been in 
hMte? ar336®K (14S»F) for 22 hours. The count was found to 

be -<.1/200 ml. 

The bacteriological data in Table 9 _ 

"worst case” fuel cell simulant with 100 ppm organics (20 PPJ" 

each of toluene! propyl acetate, sodium lauryl sulfate, isobutyl 

mirliy? k^rinS! in§ xflenol) had no 

Pseudomonas ae ruginosa and /or Type Hla. 

from the ilmulant tank 24 hours after bacteria 

found to be within the range anticipated after dilution (i.e , 

3 ± 1 X 10’ cell/94 liters or 3 ± 1 x lO^/mlj . 

It appears that the "worst case" fuel 

rubtilis!'^ Samples withdrawn 24 hours from the ^s imul ^ 
on test days 7 and 10 were found to contain 3 ±1 x 10 /mi ana 
% \ VI lo^/ml respectively* The samples by dilution should 

«r ^^^^^^^^"londitlins if thr”mulai“?ank“apFa«n/irn™i- ^ 

Saied fomfof tSe spires to the vegetative form and proliferation 
occurred. 




SECTION 7 




EXTENDED TESTING 

The Breadboard Tests and the Preliminary Flight Prototype 
Tests reported in Sections 4 and 6 respectively were performed 
with a system designed to process worst case fuel ce 
simulant as defined in Section 3. To perform this fraction the 
system included (1) a biological filter, (2) a canister of 
activated charcoals and ion exchange resins, (3j a silver , 
chloride column, (4) a deionizer, and (5) a silver bromide column. 

Fuel cell water constituents govern the 
treating system. The particulates, organics, dissolved solids 
and chlorides affect the number of components m the 
Recently, new information has been collated on ^J®i 
from two candidate fuel cells (Pratt J 
Electric). This new data indicates that all of 
listed above which are required to convert worst ®®®® . 
cell water, may not be required to treat .real fuel cell water. 

Contract NAS 9-12792 was amended by adding the following to 
paragraph 3.2.6 of the Statement of Work. 

’’Following completion of the ’worst case fuel cell water’ 
system tests, the preliminary flight prototype system 
components shall be tested with various grades of simulated 
fuel cell water to define the minimum bactericide system 
requirements for processing ’cleaner’ fuel cell 
The useful life and dynamic performance of each component 
shall be determined. A minimum of six simulated mission 
tests shall be performed using three different compositions 
of simulated fuel cell water (with and without » 

and bacteria shall be injected daily. Sufficient water 
sampling and analyses shall be performed 

water potability and to determine when system useful life 
is exceeded." 

7,1 Extended Tests without Chloti des in the Simulant 

Three simulated mission tests were performed with a 
modified PFP system processing Pratt 6 Whitney type xuc,^ — 11 
water simulan/(i.e. , without chlorides). The ®^jectives were 
to determine the nerformance and the operational life of tne 
modified PFP system while treating different concentrations of 
the Pratt § Whitney type fuel cell water simulant. 

7.1,1 Pratt S Whitney FCW Simulant Definition 

The constituents along with their respective 
concentrations for "Worst case" Pratt § Whitney type fuel cell 
watetsimulant are listed in Table 10. The two other concentra- 
Uorts 2e?e Sade by dilution. The "mid case" concentration 
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Cationic Species 


Concentration 


Cadmium 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Sodium 

Titanium 

Zinc 


0.01 

1.00 

0.30 

0.05 

0.17 

0.05 

0.005 

0.05 

0.54 

3.30 

0.20 

5.00 


Anionic Species 


Chromate 

Fluoride 

Nitrate 

Selenite 

Sulfr.te 


0.1 ( Cr '^6 - 
1.6 
0.04 

0.08 (Se “ 


14.6 


.05) 

.05) 


Particulate 

Silica (50 - 100 /i) 
Bacteria (1 - 10 p) 


100 

100»000/liter 


Other 

Total Organics 
pH (pH units) 


100 (50/10) 

8.0 







employed was twO"thirds "worst case" 
ticilates with 50 ppm organics. The 
employed was one“third "worst case" 
ticulates with 10 ppm organics. 


ionic species and par- 
"low case" concentration 
ionic species and par- 


The pH of the fuel cell water simulant was adjusted by the 
addition of a standard alkaline solution (sodium hydroxide) to 
the specified pH. 


7.1.2 Test Set-Up and Procedure 

Figure 20 shows the arrangement of components used 
in these tests. The components that define this treating 

system in the order of their use are as follows: (1) a par- 

ticulate filter, (2) a silver chloride column, and (i) a de- 
ionizer with a partial bypass. A particulate filter was used 
in lieu of a biological filter because there were no beds of 
charcoal or ion exchange resins to protect from biological 
contaminants before the AgCl column. Since «« 

chlorides in the simulant to suppress the solubility of AgCl,no 
ion exchange resins were utilized upstream of the AgLl. 

Activated charcoals were purposely omitted to 

effects of various concentrations of organics m the FCW simulant 
on the performance of the modified PFP system. 

was obviated by incorporating a partial bypass in the deionizer 
to retain a residual silver ion dose of approximately 0.05 ppm 
in the product water. 

A one micron particulate in-depth filter (Service 
Filtration Company Housing No. ABSLUO^s and their filter 
Cartridge No. VIA6U) was installed into the test equipment VJ" 
stream of the PFP package. The PFP|s biological filter caniste , 
activated charcoal/ion eicchange canister, and silver bromide 
canister remained empty. The silver chloride canister and the 
deionizer were the same as described in Section 5, except, that 
a partial bypass was incorporated into .. 

internal bypass in the deionizer was a 38.5 cm C15-1/8 
length of silastic medical grade tubing with a 2.16 mm (0.085 
inch) OD and a bore of 1.015 mm (0.040 inch), positioned in 
between the Pyrex wools . 

The modified PFP system processed three concentrations 
("worst case", "mid case" and "low case") Pratt 8 Whitney type 
fuel cell water simulant to exhaustion; i.e., untix t.he product 
water went out of pH potability specifications. Pseudo^on a^ 
aeruginosa, Type Ilia, and Bacillus subtilis were injected iHwO 
two possible points of entry, namely, the simulant and the 
storage tanks, during the first six test days in respective 
order. On the seventh test day no injection was made; day 7 was 
used to evaluate the effect of longer retention time on the 
Bacillus subtilis spores. Since the tests were performed until 
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exhaustion of the system, the sequence was repeated on those 
days succeeding day 7. All simulant and product water flow 
rates were the same as those used in the previous testing. 

The modified PFP system was refurbished and resterilized tor 
the ”mid case" and "low case" tests. 

7,1.3 Extended Test No. 1 ~ Results ^ Discu ssion 

In Extended Test No. 1, the system processed "worst 
case" Pratt § Whitney type fuel cell water at ambient tempera- 


case" Pratt § Whitney type luex cexx wuuex ac 
tures, 294 - 297°K (70 - 75°F) , during the period February 19 
to February 26, 1973. Table 11 lists the daily water 
characteristics. The tabulated results in<i 5 -cate that the ion 
exchange resins absorbed bO'o of the organics during 
three days and virtually none thereafter. The Product water 
pH fell below potability specification on Test Day No. 5. The 
silver ion concentrations were approximately 1.1 ppm in the 
stored water and approximately 0.05 ppm in the product water. 

Table 12 lists the daily doses of bacteria injected and 
the plate counts performed on various samples. The in-deptn 
one micron particulate filter cannot effectively exclude 
bacteria. On test days 1, 2, 3, and 4 when Pseudompn^ 
ginosa and Type Ilia bacteria were introduced into simulant 
and storage tanks, the tabulated results i /?nn 

the stored and product water were sterile (i .e. , <1 ceii/zuu 
'ml). The silver ion dose fca. 1 ppm) was 
the infusion of 3 + 1 x lO^O Pseudomon s aeruginosa and/or Type 

Ilia in 4 hours or less. 

On test day No. 5, when the simulant was contaminated. 
Bacillus sub tills breakthrough occurred. It is clearly evident 
that"tHe in -depth one micron filter can not exclude bacteria. 

It is also apparent that some of the Bacillus sub ti li^ 
retained by the particulate filter, hut the_c[egree of exclusion 

is unknown. Assuming that one -half of the Bacill^ test ~ T^ 
passed through the particulate filter, the data tor test day 
5 indicates a five log reduction of Bacillus sub til ^s^ in 24 
hours at ambient temperatures with a 1 ppm silver ion dose - 
i.e., from 1.5 ± 1 x 10^/ml or 10^‘^/ml to 17/100 ml or 10 * / 
ml. The maximum count obtained (the 24th hour sample) was used 
to determine the reduction rate; during test day 5 the aerooic 
conditions caused proliferation of the Bacill u s sub til is. On 
the basis of test day 6, when bacteria were injected into the 
storage tank, the data indicates a 2.4 log reduction of BaciUg | 
subtilis in 21 hours at, ambient temperatj^r^s with a silver 
ion dose - i.e., 3 i loS/63 liters or 100*'/ml to 2/100 ml or 
10 “ 1 • 7/ ml • 
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Test 



Spec . 

Tur- 


"TT* 

Day 

Sample 


Resis . 

bidi ty 

COD 

J. 

No. 

W a t e r 

PJl 

(Kohm-ciii) 

(JTU*^ 



6 

Simulant 

8.2 

20.0 

13.5 

140 



Stored A tli* 

8.2 

19.5 

0.85 

110 



Stored 21st* 

8.1 

19.5 

0.85 

110 

ri! 


Pro due t 

4.4 

20.0 

0.30 

100 


7 

Sii siilaut 

8.2 

20.0 

13.5 

140 



Stored 4tl>* 

8.1 

19.5 

0.60 

100 



Stored 21st* 

S. 1 

19.5 

0.60 

100 

!' ^ 


I’roduct 

5.;^ 

18.0 

0.40 

100 
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» I ^ 
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ty 

Alka- 
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iJlPlll 

.(PPl^lL- 

.Cp.i..’- 

1 IP’ ■ ^ 


<1.0 

<1.0 

IZ.O 

98 

<0.010 

k. 

<1.0 

<1.0 

8.0 

51 

1 . 1 6 

1 

1 

<1.0 

<1.0 

8.0 

S3 

1. 1 S 

i 

1.0 

12.5 

<1 .0 

2 5 

(.'.0S.> 


<1.0 

<1 .0 

12.0 


<0.010 


<1.0 

<1.0 

7.0 

4 3 

’ 0 


<1.0 

<1 .0 

7.0 

4 4 

1 . 
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<1 . 0 
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3 . An in-depth one nicron particulate filter cannot effectively 
exclude bacteria. 
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F. under aerobic conditions the simulant v.'ith 10^ ppm organics 
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Pio-ures 25 ana 27 show the hydraulic characteristics of m 
SYSteai before and after extended Test No. '4. Tne diita indicate 
no significant change in pressure drop across any or tne 
ents as a result of operating cignt cays at worst case conui 

tions . 

T.abl... 19 lists the daily acsos of b acteria^ in j cctcd^ and th 
: cour.ts various saup-es. On test days 1, 3,_ 5, and b 


v.hen the siu'^.-ant was conta’./.lnated j tne o^o^ogicai ^ii.tci ^cx- ^ 
cimau bacteria from the system btcat.se no^oactema were aevCcu 
Ca in tb.e stonea water, a., test UL.ys 2 ana b , wnen i *'"l\''‘^^ ' ‘ ' '% Ar n 
:..:ru'- ‘ ,:Sd and Type lila bacteria Wa"a i..tr 0 auced into the 
“■a wC.Vxs , thw tabulated results indicate that botn _ tne stored 
and nroauct water were sterile (11/200 ml). Inc silver ion 
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Table 

19 SUMMA 

,RY OP BACTPRIOLOGIC 

ANALYSi S POR l-rjP 

xi)p:i) ti,st 

No . 4 


Dose(l) 




Sajiipl e 

P(>in1 s 



1 

le. t Injection 

N umb e i fi 








Dav Point 

S})eci e 

Simulant(2) 

Stored V.'ater 

Hot 

: 0.V.C-") 

Cold O.V. 




III 

Count 


Count 

Hr 


1 Sii Lilant 

3? 1x10^ 

3 + lxl0'‘’/inl 

4 

<l/200ml 

22 

<l/?00ml 

23 <1/200: ] 

m 


P.a. 

r “ g 

t 

21 

<l/200ml 

23 

<l/:;00ial 

24 -'.I /200ml 


2 Storage 

3±lxl0 1 

kl/200ml 

4 

<1/2 00ml 

22 

<l/200ml 

23 <l/200i.il 



P.a. 1 

} 

21 

<1/2 00ml 

2 3 

<]/200i.l 

24 <1/200j 1 


Z Simulant 

9 « S 

3ilxl0 i 3±lxlO‘/jiil 

4 

<1/2 00ml 

22 

<l/200ml 

23 <1/2 00ml 

N 


Ilia 


21 

<1/2 00ml 

23 

<l/200ml 

24 <1/2005:3 


4 Storage 

9 

3±lxl0 

<l/20Cml 

4 

<l/200ml 

22 

<l/200ml 

23 <l/2C0ml 

1 

04 

k ■ 1 


Ilia 


21 

<l/200ml 

23 

<l/20Gml 

2 4 <1/200:1 

-1 

5 Simulant 

3+1x10^ 

3+ 1x10^ /ml 

4 

<1/2 00ml 

22 

<l/200ml 

23 <l/200]:il 



B.s . 


21 

<l/200ml 

23 

<l/200ml 

24 <1/2001.1 


6 Storage 

4 

3+1x10 

2 /100ml* 

4 

<l/200ml 

22 

10/2005.1 

23 4/ 10 0ml 

D 


B.s . 


21 

2 /I 00ml 

23 

l/100i.;l 

24 l/lOOml 


7 None 


<l/200ml 

4 

<l/200ml 

22 

<l/200ial 

23 l/]0C:.l* 





21 

<l/200ml 

23 

<I/200ml 

24 2/lOOml* 


8 Simulant 

9 

3+1x10 

3±lxl0^/ml 

0 

4 

<1/ 200ml 

2 + 

<1/2 00ml 

23 v:l/200ml 



P.a. 


21 

<l/200ml 

2 3 

<l/200ml 

24 2/100:.:l* 


(1) A31 doses injected during start-up , (1st hour). 

(2) All simulant samples taken during 24th hour. 

Q ( o) Ou t le t valve . * B ac illus s uA. t i l£i 


I 


liac'coriu. in tr.c dysioni on tost unys 7 and b^wcic 
suotilis fret) the inject ion . on day 0. The dcionizci' bccaiiie con' 
t7hjrrnir.rd on day 6 a; 1 toe bacteria nresent in the cold water^ 
valve were Bacillus subtilis that were diluted and Iiushed ou.. 
Ti;e 0.050 pnin silver ion dose was more ci'fic;cious at e^avated 
tojuperatures , 332 - 336^K (135 -145*^1"); the Bacillus s ub 1 1 1 i_s 
counts at the hot water outlet valve were always lower than at 
the cold water outlet valve. 


The bacteriological data in Table 19 indicates that the 
General Electric "worst case" fuel cell water simulant witn 100 
ppm organics (20 ppm each o£ toluene, propyl acetate, sodium 
lauryl sulfate, isobutyl methyl ketone, and xylenol) had no del- 
eterious effects on Pseudomonas aeruginosa and/or Type Ilia bac- 
teria. Samples withdrawn from the simulant tank 24 hours after 
bacteria injections were found to be within the range antxci 
pated (i.e., 3 ± 1 x 10^/94 liters or 3 i 1 x lO^/ml) . 

It appears that the General Electric "worst case" 
water simulant with 100 ppm organics was a growth media for the 
Bacillus subtili^. The sample withdrawn from^the simulant tank 
on test day 5 was found to contain 3 ± 1 x lO'+Zml. The sample 
should have only contained 3 ± 1 x 10^/94 liters or 3 + 1/lOml. 

The aerobic conditions in the simulant tank apparently germin 
ated some of the spores to the vegetative form and then prolif- 
eration occurred. 

7.2.4 Extended Test No. 5 - Results and Discussion 

:.n Extended Test No. 5, the- system processed "low 
case" General Electric type fuel cell water simulant at ambient 
temperatures, 294 - 297°K (70 - 75°?), during the period April 
30 to May 20, 1973. Table 20 lists the daily water quality 
characteristics. The tabulated results as indicated by the COD 
analyses show no discernible absorption of the organics by the 
ion exchange resins. The product water fell below potability 
specifications on test day 19. 

The silver ion concentration was approximately^! ppm in the 
stored water during the first 13 test days. Thereafter, Jic silver 
ion concentration decreased daily as the absorptive capacity o ■ 
the ion exchange resin bed upstream of the AgCl canister dimin- 
ished. The chloride content began to break through on test day 
14 as a result of the loss in ion exchange resin capacity and the 
nrcscncc of chloride ions above 1 ppm suppressed the solubility 
of AgCl. Conseauently , the silver ion content of the stored 
water began to decrease on test day 14 from 0.9 ppm (when ....o ^ 

chloride ion content was 1.4 ppm) to 0.16 ppm on test day 20 (wnen 
the chloride ion content was 4.0 ppm). 


’ ! 
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Table 20 


EXTENDED TEST No. 5 


WAT ER QUAl.] V Y CHARA CT^i’^ 


Test 
Day 
No . 

Sample 

Water 

1 

Simul ant 
Stored 4tb* 
Stored 21st* 
Product 

2 

Simul ant 
Stored 4th* 
Stored 21st* 
Product 

3 

Simulant 
Stored 4th* 
Stored 21st* 
Product 

4 

Simul ant 
Stored 4th* 
Stored 21si, 
Product 

5 

Simulant 
Stored 4th* 
Stored 21st* 
Product ‘ 



Spec. 

Tur- 


Rcsis . 

bidity^ 

eIL_ 

(Kohm-cm) 

CJTU's) 

3.9 

17.6 

2.3 

7.6 

370.0 

0.14 

7.6 

370.0 

<0.10 

7.8 

420.0 

<0.10 

3.9 

17.6 

1.6 

7.4 

360.0 

0 . 11 

7.4 

360.0 

<0.10 

7.6 

610.0 

<0.10 

3.9 

17.6 

2.4 

7.3 

360.0 

0.11 

7.3 

360.0 

<0.10 

7.6 

600.0 

<0.10 

4.0 

17.7 

1.4 

7.3 

340.0 

<0.10 

7.3 

340.0 

<0.10 

7.6 

600.0 

<0.10 

4.1 

18.0 

1.8 

7.1 

360.0 

0.19 

7.1 

370.0 

0.18 

7.6 

610.0 

0.11 


con 

Cl" 

Acidi - 
ty 



Lr}}'l 

10 

4.0 

24.0 

15 

<1.0 

<1.0 

15 

<1.0 

<1.0 

10 

<1.0 

<1.0 

10 

4.0 

24.0 

10 

<1.0 

<3 .0 

15 

<1.0 

<3 .0 

15 

<1.0 

<1.0 

10 

4.0 

24.0 

10 

<1.0 

<1.0 

10 

<1.0 

<1.0 

10 

<1.0 

<1.0 

10 

4.0 

24.0 

10 

<1 .0 

<1.0 

10 

<1.0 

<1.0 

15 

<1.0 

<1.0 

10 

4.0 

24.0 

10 

<1 . 0 

<1.0 

10 

<1 .0 

<1 . 0 

10 

<1.0 

< I .0 


Alka- 


linity 

TS 

A- + 

ipp' ' ' . 

epppo 

. .(PIP'X.. 

<3.0 

23 

<0.010 

<1.0 

6 

1.18 

<1.0 

8 

1.38 

<1.0 

4 

0.060 

<1.0 

21 

• .0.0 10 

<1.0 

2 

1.16 

<1.0 

9 

3.38 

<1.0 

8 

0 . a 5 

<1.0 

13 

<0.010 

<1 . 0 

2 

1.16 

<1.0 

1 

1.16 

<1.0 

1 

0.055 

<1.0 

30 

<0 .030 

<1.0 

13 

1.18 

<1.0 

1 

1.20 

<1.0 

6 

0.055 

<1.0 

51 

<0.010 

<1.0 

22 

1.30 

<1.0 

20 

3 .10 

<1.0 

6 

0.055 


* Denotes Hour 
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nents us a result of operating 20 days at "low case" conai cions . 

Table 21 lists the daily doses of bacteria injected o.nd tne 
nlatc counts perforticd on various saraples. The da^a in xhis 
t.-.ble indicates that the biological results ootaincd duiing 
Extended Test No. 5 were siaiilar to the results of Extended Test 
No. 4; they arc as follows. 

A. The biological filter effectively excluded bacteria. 

B A 1 nnr.i silver ion dose was bactericidal against the infusion 
of 3^+ 1 X 10^ (i.e., 3 t i ^ lO'i/wl) Pseudorconas aeruginosa 
and/or Type Ilia in 4 hours or less. 

C. A 1 np:u silver ion dose at ambient temperature _ reduced 

Bacillus subtilis counts by two orders of magnituoe in 24 
hours . 


I). A 0.050 pom silver ion dose v.'as more efficacious at elevated 
temperatures, 352 - 5360K (135 - 1450F) . When breakthrough 
and/or contamination occured, the Bacillus subti li^_ counts 
at the hot water outlet valve were lower than at the cold 
water outlet valve. 

E. The simulant with 10 ppm organics did not affect either 

Pseudomonas aer uginosa or Type Ilia bacteria. Counts ^a-te 
24 hou.-s werr"found to be within the range anticipated. 

F Under aerobic conditions the simulant with 10 ppm organics 
was synergistic to the proliferation of ^cillu^ sub ti l i^. 

Bacteria wresent in the system on test days 10 to 14 j„nclu- 
sivc were Bacillus subtilis from the injection on day 9. 
uoioniter became contaminated on day 9 and the bactcraa^prescnt 
wore jhicillus sub tilis that we^o diluted and xlushea oul. It 
appears thirt~the system "ciean.sed" itself by day 15 as indicated 
by counts of <1/200 ml on both stored and product water. 
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Figure 29 FLOV: RHSJSTANCH ON STORAGF TO OUTLliT SJD]': 01^ PIT 
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i: 

I 

1 

!' 


I 

I 

r 

I 


) ra i ue K f f i c ii cv Tests 


Ox 

w i ' 
of 

wO 

Vy: 


Si'vor brojiiidc efficacy test;: were substitucccl foi an 
,ndca 'cost wi-cn 'buid case" General 131ectric fuel cell water 
...ulan„. four ecsts were performed with only the AgBr column 

th 


ffP system dosing anticipated fuel cell v/ater simulant 


a silver ions. The objective was to determine the efficacy 
a 0.0 5 nnm silver ion dose frort a AgBr canister with respect 
:wo species of bacteria, namely, Pseudomonas aeruginosa and 
^ i I d . 

7.3.1 Anticipated FCh' Simulant Definition 


The contituents alon,„ with their respective concen- 
trations for anticipated fuel cell water simulant, based on the 
existing Space Shuttle potable water baseline, are listed in 
Table 22. Two concentrations of organics were used, 10 and iuu 
ppm. 


3.2 


Test Set-Ur> Procedure 


Figure 


30 shows the arrangement of components used 
in these tests. As indicated, the system consisted only of a 
AoBr canister with a partial bypass. The bypass arrangement was 
mod:.fied to deliver 0.0 5 ppm Ag^' at a flow rate of 66 ^l/min 
fS.7 Ib/hr) from the fuel cell. The testing was perfoimed at 
ambient temperatures, 294 - 297®X (70 - 75 Fj,as follows. 


A. 


B. 


,.nticipated fuel 
AgBr canister at 
ni^ht until the s 


cell water simulant was pumped through the 
a flow rate of 66 ml/min (8.7 Ib/hr^ over- 
tor age; tanks were filled v'ith 63 liters of 


silver bromide dosed simulant. 


3 + 1 X 10^ bacteria v/ere injected into the storage tanks 
(i.e., the same dosage of biological contaminants as em- 
ployed -n all previous testing). After mixing, the _ 
resultant concentration of microorganisms was approximately 
5 ± 1 X 10^/ml. 


Sa:,-.lc? in 2 liter increments were drawn off at the outlet 
valve at the following times after bacteria injection and 
subjected to plate counts. 


(r.) 

(b) 

(c) 

* f ^ 


15 minutes 
30 minutes 

1 hour 

2 hours 

3 hours 

4 hours 
0 ho‘. ’s 
7 hours 
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R 
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Tabic 22 AXTICIPATED TC 


composition 


Pro^:)ortic5 

Limits fMaximum Allowance) 

M -^U 

w* • ■ *. L 

b* ucax Solxus 

c. Taste and Odor 

d. Turbidity 

. Color, True 
f. Total Organics 

6.0-S at 25°C (77°F) 

2 0 ppm 

None at Threshold (Odor No 
11 Units 
15 Units 
10 ppm 


Particulate Size Ran .c 


No. oi' Particles per 500 ml Pluid 


a. 0-10 microns Unlimited 

b . 10-25 microns lOOC 

c. 25-50 microns 200 

d. 50-100 microns 100 

e. 100-250 microns 10 


X on i c Snecies 


Maximum A1 1 ab 1 e 


Concentration 


^ Aluminum 
. Cadmium 
. Chloride 
. Ccrc;,.^um 
(Kcxavaient) 

e. Copper 

f . I ron 

g. cad 

h. .•.^;;,nesium 

i. Manganese 

j . Mercury 

k. Nickel 
Potassium 

m. Selenium, 

n. Silica 
0 . Silver 
p. Ammonia 


For reference only 
0.01 ppm 
1 . 0 ppm 
0.05 ppm 

1 . 0 ppm 
0 . 3 ppm 
0.05 ppm 

For reference only 
0.05 ppm 
0.005 ppm 
0.05 ppm 

For reference only 
0.05 ppm 

For reference only 
0.05 ppm 
0 . 5 ppm 
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Figure 30 FLOW SCHEM>\T 
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u. After tho 24th hour, the storage tanks were emptied and tlie 
system was cleaned. 

i;. The same procedures and test set-up were used on the 
following: 

(1) Anticipated FCW simulant with 10 ppm organics and 
Pseudomonas aeruginos a . 

(2) Anticipated FCW simulant with 10 ppm organics and 
Type Ilia. 

(3) Anticipated FCW simulant with 100 ppm organics and 
Pseudomonas aeruginosa . 

(4) Anticipated FCW simulant with 100 ppm organics and 
Type Ilia. 

7.3.3 AgBr Test No. 1 - Results § Discussion 

During AgBr Test No. 1, anticipated fuel cell water 
simulant containing 10 ppm organics, dosed with approximately 
0.050 ppm silver ion, was challenged with Pseudomonas aeruginosa 
bacteria. Table 23 summarizes the test results. The tabulated 
data shows that a 0.050 ppin silver ion dose was bactericidax 
against the infusion of 3 + l x 10^ (i.;;., 5 + 1 x 10 /ml) 
Pseudomonas aeruginosa cells in 15 minutes or less. 

7.3.4 AgBr Test No . 2 - Results ^ Discussion 


During AgBr Test No. 2, anticipated fuel cell water 
simulant containing 10 ppm organics dosed v;ith approximately 
0.050 ppm silver ion, was challenged with Type Ilia bacteria. 
Table 24 sununarizes the test results. The tabulated. .data shows 
that a 0.050 ppm silver ion dose was bactericidal against, the 
infusion of 3 + 1 x 10^ (i.e. , 5 + 1 x 104/ml) Type lila cells 
in 15 minutes or less. 


7.3. : AgBr Test No. 3 - Results § Discussio n 

During AgBr Test No; 3, anticipated fuel cell water 
si..alant containing 100 ppm organics, dosed with approximately 
C.050 ppm silver ion, was challenged with Pseudomonas aeruginosa 
bacteria. Table 25 summarizes the test results. The t^uxated 
data shows that a 0.50 ppm silver ion dose was bactericidal 
against the infusion of 3 t (i*®*> 5 t 1 x 10 /mly 

Pseudomonas aeruginosa cells in 15 minutes or less. 
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Water Quality Characteristics 


Sample pJi 

Spec . 
R*csis 
TKohm-cm) 

Cl" 

CpPiill 

COD Ag+ 

Cppml (PPlBl 

Simulant 6.1 

78.0 

1.2 

15 <0.010 

15 min ^.1 

79 .0 

1.2 

15 0.050 

7 hr 6.1 

79.0 

1.2 

15 0.050 

24 hr 6.1 

79.0 

1.2 

15 0.050 

Bact 

eriological An 

alyses 


Injected 

Dose 

Sample 


Count 

9 

3-1 X 10 

Simulant 


<l/200ml 

Pseudomonas 

15 min 


<l/200ml 

aeruginosa 

30 min 


<l/200ml 

(5±1 X lO'^/ml ) 

1 hr 


<l/200ml 


2 hr 


<1/ 200ml 


3 hr 


<l/200ml 


4 hr 


<l/200ml 


6 hr 


<l/200ml 


7 hr 


<l/200ml 


24 hr 


<l/200ml 


7-47 

E M T, R 
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An-3r TbST No. 2 SUMMARY 


b'ator Quality Characteristics 


Sample pH 

Spec. 
Resis . 
CKohm-cm) 

Cl‘ 

fppm) 

COD Ag+ 

(ppml Cmiiiii 

Simulant 6.1 

74.0 

1.2 

15 <0.010 

15 min 6.1 

74.0 

1.2 

15 0.050 

7 hr 6.1 

74.0 

1.2 

15 0.050 

24 hr 6.1 

74.0 

1.2 

15 0.050 

Bacteriological Analyses 


Injected 

Dose 

Sample 


Count 

9 

3±1 xlO 

Simulant 


<l/200ml 

Type Ilia 

15 min 


<l/200ml 

4 

(3±1 X 10 /ml) 

30 min 


<l/200ml 


1 hr 


<l/200ml 


2 hr 


<l/200ml 


3 hr 


<l/200ml 


4 hr 


<l/200ml 


6 hr 


<l/200ml 


7 hr 


<l/200ml 


24 hr 


. <l/200ml 
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H 


M 


R 


Table 2 5 AoHr TEST No . 3 SUMMARY 
Water Quality Characteristics , 


Sample 

eh 

Spec. 

Resis 

CKohm-cm) 

Cl" 

(PPill 

COD 

Cppm) 

Ag+ 

(■ppm;) 

Simulant 

6.3 

60.0 

1.2 

140 

<0.010 

15 min 

6.3 

60.0 

1.2 

130 

0.050 

7 hr 

6.3 

60.0 

1.2 

130 

0.050 

24 hr 

6.3 

60.0 

1.2 

130 

0.050 


Bacteriological Analyses 


Injected 

Dose 

Sample 

Count 

9 

3±1 X 10 

Simulant 

<l/200ml 

Pseudor -^.as 

15 min 

<l/200ml 

aeruginosa 

30 min 

<l/200ml 

(5±1 X 10^/ml) 

1 hr 

<l/200ml 


2 hr 

<l/200ml 


3 hr 

<l/20Cml 


4 hr 

<1/20 0ml 


6 hr 

<l/200ml 


7 hr 

• <l/200ml 


24 hr 

<l/200ml 
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7.3.6 AgBr Test No. 4 - Results a Discussion 

During AgBr Test No. 4, anticipated £uel tvaccr 

simulant containing 100 ppm organics, dosed with approximately 
0.050 ppm silver ion, was challenged with Type Ilia bacteria. 
Table 26 summarizes the test results. The tabulated data shows 
that a 0.050 ppm silver ion dose was bactex icidal against the 
infusion of 3 + 1 x 10^ (i.e. , 5 j 1 x 10 iype Ilia cells 

in 15 minutes or less. 


7.4 Odor and Taste Tests 

Two properties of the anticipated fuel cell water used in 
the AgBr tests are taste and odor. The limits or maximum allow" 
ance for these properties is none at Threshold No. of 3. Upon 
completion of the AgBr tests, threshold number tests were per- 
formed using the methods listed in the "Standard Method Text , 
13th ed.. Sec. 136, p. 248 for Odor - and Sec. 161, p. 347 for 
Taste . 


For increased precision, a panel of five evaluators was 
used to make all measurements . All odor measurements were made 
at 333°K (140°F) and taste measurements at 313°K (104°F) . ^ From 
these tests, the anticipated fuel cell simulated composition 
with 10 ppni organics was found to have a Threshold Odor No • ot o 
and a ' i;reshold Taste No. of 10. 


Determinationswere also made on samples for Extended Test 
No. S, product water dXys 1 and 20. Again, a panel of five per- 
sons was used and the tested samples were at the 333 K (140 F; 
and 313 OK (104°F) for odor and taste, respectively. The results 
were: Day 1 had a Threshold Odor No. of 6 and a Threshold Taste 

No. of 3, while Day 20 had a Threshold Odor of 12. A taste test 
was not conductcv. on the Day 20 sample because its acceptability 
to ingestion was uncertain. 


Extended Test No. 5 used "low case" fuel cell water simulant 
containing 10 ppm organics. On the basis of the above odor and 
taste tests, it is concluded that none of the product waters of 
Extended Tests No.’s 1 to 5 inclusive, satisfied the potability 
criteria, for odor ^nd taste* It appears that the ion exchange 
resins cannot adequately sorb the organics. Furthermore, it is 
apparent that activatea charcoals will have to be utilized if the 
fuel cell water contains 10 ppm orranics (2 ppm each of toluene, 
propyl acetate > sodium lauryl sulfate, isobutyl methyl ketone and 
xylenol) . 
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Table 

26 AgBr TEST 

No. 4 

SUMMARY 

V 


Water 

Quality Characteristics 

i 

% 

Sample 

pH 

Spec. • 
Resis 
CKohm-cm) 

Cl’ 

tell 

COD Ag+ 

Ippml Cppml 


Simulant 

6.3 

60.0 

1.2 

140 <0.010 

\ 

15 min 

6.3 

60.0 

1.2 

130 0.050 


7 hr 

6.3 

60.0 

1.2 

130 0.050 


24 hr 

6.3 

60.0 

1.2 

130 0.050 



Bacteriological Analyses 


1 ' \ 

^ M \ 

» f 

mm ■ 

■ X 

Injected 

Dose 


Sample 


Count 

j 

‘ ’ j 

9 

3±1 X 10 


Simulant 


<l/200ml 


Type Ilia 


15 min 


<l/200ml 

1 ^ 

(S±l X 10^ 

/ml) 

30 min 


<l/200ml 

1 

i 



1 hr 


<l/200ml 

1 



2 hr 


<l/200ml 




3 hr 


<1/20 0ml 




4 hr 


<l/200ml 


. 


6 hr ^ 


<l/200ml 




7 hr 


<1/2 00ml 

j 

i 

i 

I 

1 


24 hr 


<l/200ml 

1 

‘q 

i 

1 

[ 

1 * 

i 
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APPENDIX A 


ACF 

Ag+ 

AgBr 

AgCl 

APHA 

APT 

AWWA 

BF 

OC 

Cl" 

cm 

2 

cm^ 

3 

cm*^ 

COD 

cps 

dB/oct 

OF 

FCW 

g 

g2/cps 

HF 


C H 

f 


'rr . 



ABBREVIATIONS 
activated charcoal filter 
silver ion 
silver bromide 
silver chloride 

American Public Health Association 

an arbitrary designation of a 
nonselective medium used by Evans 
and Niven for cultivation of 
heterofermative lactic acid bacteria 

American Water Works Association 

biological filter 

degrees Celsius 

chloride ion 

• / 

centimeter (s) 

square centimeters ^ 

cubic centimeters 
chemical oxygen demand 
cycles per second 
decibels per octave 
degrees Fahrenheit 
fuel cell water 
grams 

acceleration density units 
hydrofluoric acid 


A-1 

E M T R I C 



c 

in 

inch(es) 

1 

in^ 

square inches 


in^ 

cubic inches 


IX 

ion exchange 


JSC 

Johnson Spacecraft Center 


JTU 

Jackson turbidity unit 


°K 

degrees Kelvin 

i 

1 

literCs) 

1 

i' 

lb 

pound(s) 

>. 

Ib/hr 

pounds/hour 


meq 

milliequivalent(s) 

■ ■» 

MF 

membrane filter 

r-.Ji- 

m 

mg 

milligramCs) 

C 

ml 

milliliter Cs) ^ 


ml /min 

milliliters per minute 


mm 

millimeter (s) 


mm Hg 

millimeters of mercury pressure 


N2 

nitrogen 


NASA 

National Aeronautics and Space Administration 


PBS 

phosphate buffered saline 


PFP 

Preliminary Flight Prototype 


pH 

log of the hydrogen ion concentration 


pp 

pages 

i 

ppb 

parts per billion 


I 

Cl 

A-2 

I p H E M T R I C 


ppm 

psid 

psig 

Reg 

sm 

TOC 

TS 

WPCF 

YSI 

± 

% 


parts per million 

pounds per square inch differential 
pounds per square inch gage 
regulator 

simulated mission test 
total organic carbon 
total solids 

Water Pollution Central Federation 
Yellow Springs Instrument 
micron, micro 
plus or minus 
percent 
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10 . d Silver Bromide fAgBr') Tests 


10.1 

10.1.1 Test No.l 


1st Set of Samples 


EC 3 Sample No. Time 


Ellington 


673-12 

13 

10.1.2 Test No. 2 

673-14 

15 

10.1.3 Test No. 3 

673-20 

21 

10.1.4 Test No. 4 

673-22 

23 

10.2 

10.2.1 Test No.l 

773-9 

10 

10.2.2 Test No. 2 

773-11 

12 

10.2.3' Test No. 3 

773-13 

14 

10.2.4 Test No. 4 

773-15 

16 


15 min 100 

24 hr 60 


15 min 320 

24 hr 120 


15 min 
24 hr 


15 min 
24 hr 


2nd Set of Samples 


15 min <50 

24 hr <S0 


15 min <50 

24 hr <50 


15 min 220 

24 hr <50 


15 min 
24 hr 


lerntrK 


50;125<* 

50 


50;50* 

SO 


•Results on 2nd set of samples that were sent back to Chemttic 
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PURPOSE OP TESTt 



To determine the ability of the tefit ipeclmeiis to 
withitand the applied Random Vibration tpecified. 


MANUFACTURER: 



Chemtric, Inc. $ " 

Under Contract’:NAS-l2792 

MANUFACTURER'S TYPE OR MODEL NO.: 

One (1) Set of Water System Canisters 


DRAWING, SPECIFICATION OR EXHIBIT: 

Pp 01874 

QUANTITY OF ITEMS TESTED: 

One (1) Set 

SECURITY CLASSIFICATION OF ITEMS: 

Unclassified 
DATE TEST COMPLETED: 

, July 11, 1972 

TEST CONDUCTED BY: INLAND TESTING LABORATORIES, INC. 

DISPOSITION OF SPECIMENS: 

Returned te Ghemtrio, Inc* 


ABSTRACT: 


None 


TEStINIO 


REPORT NO. 


PAGE 



DESCRIPTION OF TEST; 


DAT6 


RANDOM VIBRATION TEST 

Raqulremfenta; 

The test specimens shall satisfactorily withstand the 
applied vibration without exhibiting evidence of physical damage. 

Test Procedure; 

The test specimens were secured to a fixture which, in 
turn, was rigidly attached to the moving element of the vibration 
machine. 


The specimens were then subjected to 2. 5 minutes of 
random vltration in each of three (3) mutually perpendicular axes. 

The bandwidth was limited to between 20 and 2000 Ha. with the spectral 
density as follows: 

Frequency Range (Ha. ) 

20.to 80 
80 to 180 
180 to 200 
200 to 400 
400 to 450 
450 to 2000 

t 

Overall G rms * 11.1 

Descriution of Test Apparatus; 

Vibration Machine, MB, Model C50, S/N 127 
Amplifier, MB, Model T666 
Control Console, MB, Model T268, (Analyser 
have (80) 25 Ha. bandwidth filters). 

Accelerometer, Fndevco, Model 2213, S/N 160 


Test Spectrum 

+3 dB/oct 
0. 06, g^/cps 
+ 12 dSyoct 
0. 1 g^/cps 
-12 dB/oct 
0. 06 g^/cp8 


ItEPOI^t NO. - 
PAG6--L_0F 
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DATE December 14, 1972 


PURPOSE OF TEST; 


To determine the ability of the test specimens to 
withstand the applied Random Vibration specified. 


MANUFACTURER: 

Chemtric, Inc . , 

Under Contract NAS9*12792 

MANUFACTURER'S TYPE OR MODEL NO.: 


One (1) Canister Assembly 

DRAWING, SPECIFICATION OR EXHIBIT; 

P. O. 01994 

QUANTITY OF ITEMS TESTED; 

One (1) 

SECURITY CLASSIFICATION OF ITEMS; 

Unclassified 
date test COMPLETED; 

December 8, 1972 

TEST CONDUCTED BY: INLAND TESTING LABORATORIES, INC. 


DISPOSITION OF SPECIMENS^ 

Returned to Chemtric, Iftc, 


ABSTRACT: 


None 


report no 

PAGE J OF J — 
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date Dccembcr_14>_15T2 
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DESCRIPTION OF TEST: 

RANDOM VIBRATION TEST 


Requirements; 

The test specimen shall satisfactorily withstand the 
applied vibration without exhibiting evidence of physical damage. 


Test Procedure; 

The test specimen was secured to a fixture which* in 
turn* was rigidly attached to the moving element of the vibration 
machine. 


The specimen was then subjected to 2. 5 minutes of ran- 
dom vibration in each of three (3) mutually perpendicular axes. The 
bandwidth was limited to between 20 and 2000 Hz. with the spectral 
density as follows; 

Fraauenev Ranee (Hz. ) 

20 to 80 
80 to 180 
180 to 200 
200 to 400 
400 to 450 
450 to 2000 

t 

Overall G rms = 11. 1 
Description of Test Apparatus; 

Vibration Machine* MB, Model C50* S/N 127 

Amplifier* MB* Model T666 

Control Console* MB* Model T288, 

(Analyzer have (80) 25 Hz. bandwidth filters). 

Accelerometer* EndeVco* Model 2213* S/N 160 


Test Spectrum 

+ 3 dB/oct 
0. 06 g'^/cps 
+ 12 dB/oct 
0. 1 g^/cps 
-12 dBVoct 
p. 06 g / cpS 
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